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Preface
by

Colonei D, KURSCHNER, MC, GAF
Seassion Chairman

The papors of this sassion will deal with the question: of what importance is color vision
for the various caresr fields of an Alr Force., This is quite an exacting topic considering
the nanysidedness  and the ambiguisy of the factors which make us see the world in color.
Thus, physical, chemical, physiological andesthetical, and also practical aspects play a
role in color perception as in no other sezsory functiop. When assessing the ability and
reliability of color perception, these aspects must retain their due value in order to avoid
erroneous conclusions. Unfortunately this has not always been appreciated in the past. It
is therefore not surprising to find an abundance of observations and a xultitude of theories
concerning culor perception by man and its disturbances without giving en unequivocal
explanation up to thia date, how the eye cakes us see the world in a variety of colors,

In particulsr an observer with a background in natural science will fiand it difficuit te

free hinself froxm a predominantly physically oriented mode of reflection concerning color
visfon. It is only with effort that we can imagine that light and color, &nd also aourd

and szel) exist only esa sensations in the endogenous world of our body, and that only matter
and energy exist in the exogenous world so that this world of oumis actually witheut color,
acund, and s32il., Almost of compulsion do we project sensations froz the inlerfor of our

body to the exterior world. We find this separation into exterior and interior world
generally very difficult and it 1s an extrema burden on the understanding of color pesception.
Under these circumstances it is almost logical that we should also comwit the linguistic
mistake of confusing property with sensation., We still formulate in the sease of the Gresk
philosophers of old, stating that this object is red, that one green and a third one blue,
and thus we accord property to these objects which in reality they do not have. Thus,
propertiss are only attached to these objects through our sensory perception. To be exact

we would have to aay that this or that object uppear to us in one or another color, in order
to also draw a linguistic linc of scparation between physicel rules and sensory perception,
This would articulate with nmuch more clacity that color is no property of an object but the
result of radiation phenomena in cosnection with the properties of ite nhysical surface
constitution.

When even a fundamental understanding of color perception gives rise %o considerable difficult-
ies, it is not surprising to find a substantial increase of problems when assgessing the
functional ability and reliability of color vision disturbances. Already "classics” in color
vision testing such as HOLKGREN and NAGEL were faced with this problem. The multitude of
factors releaaing or influencing color perception,as well as the behaviour of abnormal
trichromates, difficult to understand and to calculate as it is, have made it cumbersome from
the very beginning to initiate and disseminate practical examination methods. Even up to this
day so-called "Practicol Color Vision Examinations" are considered unacientific, Moreover,

color vision exacination methods hitherto and presently applied have been and still are by no
means tuned to cconditions or circumstances under which color signals and coler markings are

seen in the open country. This applies to paeudoisochromatic plates of variouc aystems, to the
anomaloscope, and aleso to most of the color signal test lanterns. As is known pseudoisochromatic
plates will only aid in establishing whether the examinee is color proficient or not, MAGEL's
anomaloscops enables a good qualitative or quantitative diagnosis but will reveal 1little adbout
the safe or unsafe signal perception of color deficient subjects. We nust not overlook that in
this context we are concerned with spectral colors respectively their compositions. Their display
area and above all brightness neither correapond to the real signals nor do they consider color
perception on part of parasacular and peripheral ssctivas of the retina, Posaibly the extreme
L-~ightness and saturition in which colors are presented in the anomaloscope are responsible

for the release of the so~called abnormal contrast increases and other signs of tuzigue among
the color deficient, which would not be so under realistic conditions of color aigna

perception, On the other hand, hue, saturation and brightness of the signel are reduced through
ground - glass - filters to a degres not even brought about by the most unfavorable visual
meteorological conditions. Al) this contributes to a wide~spread uncertainty when deciding on
careers of color deficient applicants and in turn has led to a point where any color vision
disturbance is globally considered as being dangerous. The evidence for this opinion, however,
does not hold water. In 1507 NAGEL has published a review of 6 railroad accidents and 6 accidents
at sea allegedly caused by color deficlencies of personnel involved. A critical evaluation of
these mishaps revealed that in half of the cases color vision had not beenthe cause owing to
circumstances in which correct perception and discrimination of colors had no bearing at all,
To this very date injustice has been done at leaat to the abnormal trichromate and especially

to deuteranomalous when assessing their reliability in professionn iavolving matters of traffic
and communications, but also in the military field, iince 50% of the male population with
inhereted color disturbunces are abnormal trichromatea, their acceptance in several career fields
would constitute a tangible reliaf in the manpower situation, This problem, however, can not be
gsolved only on the basis of theoretical knowledge or through one or another combination of
examination methods, but primarily through an analysie at the place of work., Juck an "On«the-
Job~Analysis" would have to indicate type of color, locuticn of color, the sizv of color area,
the eye-color distance, the lighting conditions and tke importance of the color at the place of
work. It is hoped that the following papers will give an answer to this issues,
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Tschnical Bvaluation

4 session on Color Vision Nequirements in Different Operational Roles constituted a portion of the
Aerospace Medical Panel Muetings held at the Shell Building in Brussels from 30 May to 2 June 1972.
Some €0 persons attended tiia session and 11 papers were presented, They covered the relationships
between clinical and theorstical concepts of color vision and their relaticn to color vision testing,
the description of color vision testing methods in use, and the application of color vision testing
results to practical situations. These papers and the questicns and remarks in the diacussions which
followed devoted special interest to the problem, "to what extent is color vision required in the
activities of flying personnel, ground personnel and personnel in other evistion operation caresr
fields,” The majority of the attendees wers of the opinion that:

1, Cerlai:. types of inherent color vision deficisencies (for example, mild anomslous trichromats)
can no Longer be considered as absolutely incompatible with flying ectivities and flying
sefety, This seemed to be justified by "in-flight" observations, pragmatic color vision
testing, on-the-job anslyses and tre fact that not one aviation accident has evar tesen
documented as having been causec; by & color vision deficiency of the pilots involved.

2. In a considersble numbar of military aviation specialties (air traffic controller, nechanics,
crew mexbers, etc) special emphasis is not placed on normal color vision as a physical
requirement, 7This is due to the fact that color signals, or culor merkings are sither not
the sole source of information or they are not smployed at a’L, (for example s radar scops,
black and white instrument display, etc.) However, due to the 1edundancy of information
displayed, or the type of display, normal color vision may be manlatory for such career {ields.

3. If comments 1 and 2 above are accepted as operationally valid then subjects showing a color
vision deficiency diagnosed by conventionsl pass/fail scresning teut methods may subsequently
be accepted as a student pilot or crew momber if able to pass a coior lantern test. The color
lantern tests bsing less severe enable the mild anomalous trichromat to pass, while falling the
sovere anomalous trichromat and the severe dichromat. This technique permits a color defective
individual, trained pilot, crew member, or even an applicant to be conaidered as "color safe”.
Test 1ike the Farnsworth lLantern and the USAF Color Threshold Test have been operationally
validated and proven to have this discrimination ability.

4. For the tims being one of the best methods for acresning subjects to determine normal color
vision is 1o employ pssudo-isochromatic tables, such as the original by ISHIHARA. This test,
the Tokyo Msdical College series and similar tests are excellent palu/hu test to establish
norpal vs non~-normal, On the other hand, they are not good predictors of severity of anomaly
or typs of anomaly,

5. A standardiszation of color vision testing methods between the NATO nations does not appear feasidle
at this time because of ths general lack of unanimity about the relative merit of test methods,
the problem of differsnces in personal experience and training among professional staff, and also
the problem of differences in organizatlion, The variability assoclated with the management of
physical evaiuation of spplicants and flying personnel is one of the key issues. For example, the
control provided by having &1l medical exams performed cenirally at one facility is necessary for
the quality coatrol of certain color vision testing techniques. Moreover it depends on the number
of testees and on the battery of color vision tests avallable and feasidls, Some are prohibitively
expensive and require considerable scientific skill and ability to administer. Decentralization
of physical examinations prevents the optimum and neceasary control of color vision evaluation,
This protlem alone defeats standardization,

6, Dichromats (those color defectives totally red-green blind) and extremely abnormal trichromats
(1.s., borderline cases who have rearly as sesvere color vision defects as the red-green blind
dichrozats) should be axcluded from aviation activities that require any degres of color perception,
Until more information is available there is a high risk that this level of color defect vision
could lead to judgement srrors and cuently to err actions compromising mission
accompliehment and flight safety, This type of color defective is unable to pass the color lantern
tests (Farnsworth Lantern).

7. Even though color coding as a means of information display is technically easy to give and easy
for the color norzul to percelvs, aircraft designers and manufacturers should be required to
devote sufficient attesntion to color vision so that information displays ars not color dependent.
If this is done color coding will not become the only source of information for thoss who must
control an aircraft or perform maintenanes duties on it. So, it may be expscted that almost 50 %
of color doficient subjects, especially mild deuteranomalous ones, could be successful in aviation
carosrs for which they are otharwise qualified, e.g., by extraordinary psychomotor skills, high
motivation, and lack of motion sickness sensitivity, etc.




THEORETICAL ASPECTS OF COLOR VISION
by

Myron L. Wolbarsht
Professor of Ophthalmology and Director of Hesearch
Department of Ophthalmology
Duke University Medical Center
Durham, North Carolina 27710
United States of America

SUMMARY

Our present understanding of color indicates that the classical theories of color vision, the
three color receptors of Young-Helmholtz and the opponent colors type of information processing postulated
by Hering are both present in the human visual system. This mixture accounts for both the phenomena of
cofor matching or hue discrimination and such perceptual qualities of coloxr as the divisiun of the spec-
trum into color bands. A discussion will be given ol the detailed functioning of the cells in the visual
system, especially within the retina and the relation of this function to color perception. Some details
of how this knowledge can aid in understanding the role of color vision in operation situations will be
mentioned.

1. INTRODUCTION

Our understanding of color vision has been hampered since its beginning as much as it has been
helped by a fundamental dichotomy between the two methods of approaching the problem. The first approach
is that exemplified by the Young-Helmholtz trichromatic theory,(27,9), the other is its apparent antagonist,
the Hering (10) {and possibly Goethe ( 3)] opponents colors theory. The followers of Young and Helmholtz
have become dominant in recent years. Their method of analysis leans heavily on theoretical physics. Thus,
they have concentrated more on the stimulus, whercas the followers of Goethe, especially Ewald Hering, have
been psychologically oriented. They have concentrated rather upon the sensations.

Physical School--The Stimulus

The Young-Heloholtz theory is mathematical in nature. In it three pure spectral hues are necessary
to match any other spectral hue or combinations of spectral hues. From this it has been inferred that there
are three different types of color receptors in the retina. Although no more than three types are needed,
this approach does not rule out the possibility that therc are more than three. Neither does it define
the three receptors that are nceded. The names of many physicists famous for other work can be found in
the 1ist of those vho have made contributions to this aspect of color vision. An early worker was Clarl
Maxwell (17), another was H. von Helsholtz, already mentioned (9), and more recently we find Erwin Schroe-
dinger (18). One might think that such men as these who have solved so clegantly problems in electromag-
netic theory, thermodynamics, and quantum mechanics, respectively, would have little difficulty with such
a minor biological problem as color vision. Although Maxwell's contrjbutions did much to aid in research,
they did little to foster understanding. He furnished a way of plotting data and a machine, the anomaloscope,
with which much research has been done. But as far as elucidating the mechanisms of color vision nothing
really definitive about the mechanisms of color vision has come from these approaches. The main problem
posed by the physical school was to find a transfer function for color matching by the entire visual system.
The input conditions are the physical stimuli, the output is the acceptance of these by the subject as
matching or not matching colors. Thus, only three spectral colors are necessary to match any other color
in hue, intensity, and saturation. This school is mainly concerned with what I term "hue discrimination”,
that is, the discrimination of one spectral wavelength from another. The physical aspects of the stimulus
are emphasized in the formulation of a model for the visual systems.

Psychological School--The Sensations

The psychological school, on the other hand, has to a large extent, ignored or confused the physical
aspects of the stimulus and have been concerned with color as color. That is, they asked: why do we perceive
the spectrun as divided into bands of different colors? Nhy are the blue or green or yellow,or red broad
portions of the spectrum not, oddly enough, of equal width or of cqual quality? For example, yellow
is the narrowest portion of the spectrum, Also, the spectral extent of these color bands is not completcly
arbitrary nor does it seem to be learned.

Recent Development

For the first half of this century the physicists and the psychologists devoted large portions
of their time calling each other names and presenting decisive arguments to prove that the other's approach
is wrong. Although the modern methods of research do not give an interpretation of the data that leads
to a clear and absolutely final description of the mechanisms for color vision in man, much has been
learned in the past fex years. A summary of that information together with a discussion of the probleas
that are left at least indicates the broad outlines of how color vision works. Certain things can be
understood in an operational way and many theories can now be shown to be impossible.

Difficulties of Trichromatic (Young-Helmholtz) Theory

The Young-Helmholtz theory in essence shows that at least three color receptors are necessary.
In mathematical terms however, they cannot be shown to be sufficient; i.e., more than threc may be present
and the system will accomplish the same thing. Convention has settled on a blue, a green and a red receptor.
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Much of the arguments within this school have been concerned with whether there are only three and also

which particula) three they are. However, ncither position can be established by the kinds of experiments

that had bee~ done prior to the last decade. The possibilities and difficulties of this approach were

sunmed up many years ago in an article by Selig Hecht (8).. He cxamined the action spectra of the three

photopigments that had been postulated by previous workers in terms of which would produce all the

known phenomena of color or, as I say, hue discrimination. Figure 1 is an illustration of how Young's

thrce color receptors would be plotted. Figure 2 shows three receptors postulated by some of the more

recent followers of Helmholtz. The various wiggles in these curves are important to explain the various

anomalies in the cquations governing hue or color mixing. In Figure 3 are the spectral sensitivities

of the three color receptors as postulated by Hecht himself. He has a green, a red, and a blue (vhich |
he calls violet). I think that this figure was put forward somewhat tongue-in-check, as I have heard

that Hecht had a magnificent sense of humor. This figure indicates an extent to which the statement

rade above 15 true; the Young-Helmholtz theory requires three color receptors but does mot specify what

they are to be. It is truc that this theory gives some restraints wpon them in that if any two action
spectra are picked, the shape of the third is determined by its peak wavelength. Hecht's article pushes

this theory to the extreme. 1t is likely that in this reproduction of Hecht's figure the curves cannot
really be seen to be different, yet they are. They are different enough such that if three such pigments
did exist and were 1n photoreceptors they would furnish all the data for hue discrimination required by

the Young-Helmholtz theory and its more modern modifications. Yet the error in all our experimental measure-
ments is such that we could never £ind these curves as separate.

Difficulties of Classical Opponents Colors Theory

The psychological approach on the other hand, is confined to the problems connccted with the
sensation of color and with color defects. The most famous exponent of this system is Hering. He postulated
mechanisms withan the visual system which would produce a fundamental antagonism between the colors red
and green and the colors bluc and yellow, These he considered as opponent pairs with a third pair based
on the oppesition between black and white. This theme was interpreted by the physical school that there
would be six receptors--a red-green pair, a blue-yellow pair and a black-white pair. However, that is
not necessary for the theory, nor was it postulated exactly in that form by Hering. His intuition may
have been a little better than that of his modern followers. The theory itself, until quite recently,
had become quite declasse. It was held to by only a few psychologists and ophthalmologists who had a broad
irrational streak running through their thinking.

In sprte of its increasing neglect the psychovlogical approach accomplished much of what its origina-
tors had set cut to do. That is, it furnished a more or less coherent explanation of the various forms
of color blandness and dealt with the problem of why color names rather than just having arbitrary divisions
of a continucus spectrum. Also, in 2 qualitative way it was able to furnish an explanation of the necessity
for color contrast phenomena, Although the physicists had already quantified these phenomena they have
furnished no explanation for the nccessity of them. lHowever, the two areas in which the psychological
theoraes were most successful was in explaining why there were negative after-images. That is, why the
after-image was the so-called complimentary or opposite color to the stimulus color. Certain visual illusions,
particularly those concerned with the confusion between movement and color, such as Benthan's top were
also on a more rational basis. The Young-Helmholtz theory hypostulated a so-called labeled line running
from each of the three classes of color receptors back to the higher visual center. There the information
about the stimulus was decoded in a simple fashion. It was the intensity of the stimulus acting on a certain
color receptor. A simplc combination of the three intensities (one from ea + of the three classes) defined
the hue (wavelength) and intensity of the stimulus. Obviously in such a system there is no simple way
to confuse this inforuation with that of motion. Rapidly changing light upon the receptors will never
be seen as colored when there is no color information in the original stimulus.

However, the psychologists had already formulated a rather claborate code for each nerve cell,
that 1s, that ecach cell carricd positive information about one color and negative about another. Thus a
rapidly changing stimulus could introduce some confusion into the color interpretation as the code itsclf
had built in ambiguities.

Limitations of Classical Methods: Early Attempts in Neurophysiology

Neither of these approaches were sufficicent to define the exact function of the color vision
system in man. Neither could tell whether behavioral experiments upon animals could show if their vision
was 1dentical with or if different. how different from human color vision. That is enough of the history
to bring us to the modern physiological research. Suffice it to say that as might be guessed by an historian,
both sides turned out to be wrong and both right.

Such roughly was the situation up until about 1954. From this datc the modern approach to color {
vision can be said to start with the experiments of Gunnar Svaetichin (20). Another physiolegist who aided
1n developing our methods of attack te establish the current theories of hue discrimination ar? coler per-
ception 1S Ragnar Granit (5 ). They tended to carry over their carlier loyalties into the intcrpretation
of their data, Granit to Young-Helmholtz and Svaetichin to Hering. With this as background it is now appro-
priate to examine what has been learned in the past few years about the detailed functioning of the various
parts of the visual system, especially with respect to color vision.

2. THE MODERN APPROACH: OPENING THE BLACK BOX

Although presenting this material from a histological standpoint would be of great interest the
constra:ints of space make it more rcasonable to present the logical sequence. As such we will start with
the 1mage upon the retina and show what kinds of receptors there ace, then how they are stimulaved. Next
the wnformation flow will be followed back through the intervening neural layers to the ganglion cells
through whosc axons all information passes back to the hizher visual centers. Such parts of the higher
visual centers as are known will be discussed with a consideration of the final problem of perception itself
of the color in the stimulus.
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Tre pattern of color upon the retina can initially be con-sidered to be made up of points of light
small cnough to stimulate single receptors. Although the optics of the cye cven under the best conditions
do not quite reach the ideal situation for maximum asuity, few physiological experiments are done under
such stringent conditions. Thus no errors will be introduced into the interpre-tction of the experiments
at this point by assuming that the optics arc perfcct. The first clement to be considered, then, is the
receptors, what they arc and how they respond to the stimulus with respect to its wavelength and its intensity.

The duplicity theory of vision is of long standing; that is, that the rods are responsible for
night or scotopic vision and the cones for daylight or photopic vision. It is these latter cells, the
cones, which are responsible for normal color vision.

A. Receptors

The classification of receptors and the analysis of their function depends upon three types of
experiments. Two of them involve direct measurements on the cones and the third infers the cone properties
from electrophysiological recordings from cells further back along the visual pathway. These latter experi-
ments arc done under conditions in which the variation of the eclectro-physiological response with the variation
of stimulus parameters is thought to be due to the characteristics of the receptors themselves . One of
the direct approaches is the measurcment of the absorption spectrum of the visual piguent in a single cone
or rather the differcence in the spectrum after bleaching. The other is to put microelectrodes in single
receptors and measure the variation of their electrical polarization as a function of both light intensity
and wavelength. The ~asurement of the difference spectrum of a single cone is simple in conception. One
merely puts the isolated cone into a microspectrophotometer and measures its optical density as a furnction
of wavelength before and after a bleaching light. In practice of course, it is not so simple, These cells
are quite small and the amount of pigment they contain is small. Therefore the light used to establish
the initial or unbleached spectrum must be very dim. Otherwise the first exposure of light at the wavelength
used will bleach all of the pigment, leaving none left to be measured by other wavelengths. In this case
the entire spectrum could not be plotted on a single cell, However, these technical difficulties have been
overcome and similar results have been obtained by many independent groups: Marks (16), Wald and Brown (25),
Licbman (13), Harousi {7), and others. All find that there are three types of receptors whose absorption
peaks roughly correspond to the blue, green and red receptors. In Figure 4 some typical curves from these
experiments are illustrated.

The use of the second direct technique, that of probing with clectrodes into the single cones
gives comparable results. Here again a numbgy of investigators have confirmed the original results. The
most complete set of data is that from Torita and his co-workers. In the cones a steady hyperpolarization
(that is, an increasc in the negativity of the cell with respect to the outside) is recorded as the intensity
of the stimulating light is increased. The sensitivity to different wavelengths can also be measured. This
is shown in Figure and it agrees with measurcments made on the difference spectra of cells from the same
eye. This indicates that the difference spectrum of the cell is also the action spectrum. The magnitude
of the stimulus that bleaches the pigment in the photoreceptor cell then, is the same as that which is
responsible for stimulacing the cell into clectrical activity.

The third or indirect approach will be described in greater detail below. Briefly this consists
in recording from other cells in the retina in order to sec just how they are connectsd to the cones, then
attempting the stinulus is adjusted that the response of the cell recorded from is dependent only upon
the characteristics of the cones, That is, as the wavelength is varied the stimulus is presented in such
a fashion that the interaction of the cone with that particular cell is the same. Some of the interactions
are quite complex in the retina and only under certain conditions can such inferences about cone function
be made.

The output from the receptors appears to be proportional to the amount of hyperpolarization induced
into the cell by the intensity at 2 given wavelength of the stimulus. The output of the receptor cell
goes to bipolar cells, horizontal cells, and Mueller fibers. These in turn interact with the amacrine
cells. They all finally converge upon the ganglion cells at which poiant the message is integrated sufficiently
to fornm the basis for all further activity by the visual system. That is, all information passing from
the recepters back to the visual cortex must pass through the ganglion cells. The ganglion cells furnish
a logical place to look for information which will actually be used by the nervous system in deciphering
the visual stimulus. However some details about the function of thosc intermediate structures will be
necessary as a background for an examination of the ganglion celi activity.

B. Intermediate Structures

It is sufficient to say that in all the structures intervening between the receptors and the
ganglion cells that no nerve impulses arc scen in any regular fashion. Most of these cells appear to respond
with graded changes in potential much indeced as you might expect from an analog computer. Although there
are many, many micro steps with the release of separate transmitter molecules by each cell at its synapses,
the noisc in the system is such as to probably effectively block out most such discrete variations in the
final response. One possible exception is that due to the so-called quantum bumps in the receptors. In
scotopic vision the stimuluc of a single quantum of light can produce a single quantized electrical response
in the red reccptors. However at photopic light levels such effects are not scen in the cone receptors.

1. Opponent color responses

Figme 4 shows typical recording from a horizontal cell. Records of this type triggered off the
modern interest in color vision, when they were obtained by Svaetichin (20) in the middle 50's., In these
cells (later identified as horizontal cells) that the magnitude of the potential varies with the wavelength
is not unexpected and that the cell is hyperpolarized or depolariced by light is not in itself surprising.
Hewever, that it should both hyperpolarize and depolarize is start/ing. Here we have a suggestion that
retinal coding of color is similar to the description in Hering's color vision theory. In those horizontal
celis, as shown in Figure 5, there is hyperpolarization at one end of the spectrun and depolarization at
the other end. Some cells have even more complex curves such as the triphasic one in Figure 6. These




A

Al-4

curves can be shifted around by color adaptation at onc end of the spectrum or the other. This shows that
the response of this cell is composed of the inter-action between two separate groups of receptors, each
group of which is acting independently. It is only recently that all the different types of cells involved
have been positively identified by staining technique.

2. Objections to opp t color responses

For a long time many investigators believed that the horizontal cells, which were the first type
to be identified, were not along the main line of information flow. It was supposed that the responses
of these cells were formed by the addition of the extra-cellular current flow from two or more cell types
which were on the main line of information flow. In this case it is supposed that there would be two cells,
possibly bipolar types, lying close to each other, each carrying information from a different class of
cones. In this case the bipolar cells were considered to have simple monophasic responses as a function
of wayelength, some depolarized, others hyperpolarized. A third cell, this time an horizontal cell (possibly
glial in nature) lying in betwcen the bipolar cells could reflect the activitics of these two types by
summating the external current flow from each ( 6 ).

One might suppose that the two or more classes of bipolar cells in closc juxtaposition to each
other nmight each represent the activity of a different class of receptors, that is, one bipolar cell for
example might be hyperpolarized by the red end of the spectrum and its neighbor depolarized by the blue
end of the spectrum, The horizontal cell lying in between would summate these activities and (as the external
currents though would have the opposite sign) be depolarized by red, hyperpolarized by green. However,
the crux of this theory was that this summated ox opponent cclors information from the horizontal cells
was not passed on to the deeper layers in the retina. This interpretation of the data was compatible with
the Young-Hcloholtz theory. A ganglion cell, for example, would receive its input from only one type of
cona (or even, in the foveal region, a single cone) as was axiomatic in an analysis based on the Young-
Helgholtz theory. A variation in this theosy viewed the horizontal cells as glial in nature. The glia
regulated and podified the neuromal activity by slow and long lasting settang of the level of excitabilaty

2 (149).

However, now more is known about cel) types other than the horizontal cells, All types
may upon occasion display qualitative differences in behavior as a function of the wavelength of the
stinulating light. Thus the responses of most intermediate cell <ypes resemble those alrcady descrabed
for the horizontal cells. This departurc from the Young-Helmholtz model is cven more apparent when the
responses of the ganglion cells are examined.

Before we pass on to the ganglion cell characteristics it should be not-J that the responses
of the horizontal cells, the bipolars, the amacrines and others, show in addition to the color coding a
high degree of spatial organization (17a). That is, each cell tehaves as if it 1s connected to receptors
in a large arca of the rctina. Perhaps in the foveal region in primates only a few cones are connected
tc one bipolar. It is in no way evident that cach bipolar cell is a private line for a single foveal cone.
Indced it scems to be that there are at least four cones to each bipolar, and cach cone is connected to
rore than one bipolar. The receptive fields of thesc cells (a large portion of the retina connccted to
each) indicate convergence of receptors upon a single cell. The implications that this convergence has
for form perception and visual acuity are beyond the scope of this paper, and must be considered in detail
at some future timec.

C. Ganglion Cell Response

All responses leaving the retina originate in the ganglion cells, thus, all information upon
which the higher centers act is based on the ganglion cell responses. The ganglion cell output is in fact
the raw material for perception itself.

1. Color components of ganglion cell responses

In th2 panglion cell responses is the final and irrefutabie cvidence that a type of sensory coding
based on some » .. ._ation of the Hering opponent colors theory is an integral part of the vertebrate visual
system. f%g_urc 7 illustrates this point. Her: a ganglion cell has some ongoing (or spontaneous) activity
in the dark; when red light is used as a stimilis it is stinulated to higher levels of activity. When
green light is used as a stimulus it not only is not excited but rather is inhibited. This is shown by
the suppression of the background of spontancous activity. This pattern of responses, of course, parallels
those of the horizontal cell where a hyperpolarizing response of the horizontal cel. represents inhtibition
of the ganglion cell and depolarization of the horizontal celi represents the excitation. In the ganglion
cell also it is cvident that these two influences upon the cell represent an algebraic summation. The
red and green comp ts of the resp , to namc an cxample, can be manipulated scparately by light
adaptation and other means.

2. Spatial aspects of ganglion cell responses

The ganglion ccll responses also reflect the high degree of spatial organization in the responses
of the carlier layers of the retina. Figur¢ 8 shows the receptive ficld of a ganglion cell in the retima
of a goldfish. It should he noted that therc are two zones with a pair of opposed influences in cach.

That is, the red information channel exciting the center which is oppesed by a green information channel
inhibiting the center. The red off response in the periphery opposes the green on response 1in the periphery
and the red on response in the center. A similar situation exists for the green.

The peripheral portion of the receptives for ganglion cells in the primate retina or hunan retina
have not been worked out in as much detail but it is lilely that similar types of organization will be
found for them. Most of the work dene to date in primates has been on form and motion detection and has
largely ignored the interactions between color and form or motion perception. It 1s obvious, however,
even from the few experiments that have been done so far, that the ganglion cells :n the primate systen
have complex receptive fields. Color is certainly a large part of the complexity. Many more cxperiments
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are in progress now and a wore complete scheae will be availsble soon.

The inforsation.passes through the lateral geniculate body to the cortex, the téctux, and into
the various association centers. Zven the fragmentary knowlsdgé-at the-presea: indicates tkat much more
elaborate forns of coding and decoding are taking plsce in all these sreas. Although we have maay-isolated
facts e do mot have sufficieat dsts to give us a complete cosprehensive theory.

3. PRESENT CONCLUSIONS TG BE.DRANN-FROM CURRENTLY:AVAILABLE DATA ON THE-YISUAL SYSTEM

The: obvicus concicsfon tc be drawn is: that the visual system represents a blend of the Yoonz.
Belmholrz z-xchm:uc theory of color vision with that of its sceuin; rutuz2lly exclusive antithesis, the
Hering oppenent colors theory. It is not surprising that previous experiments, in some cases, supported
one theory, in cther zases the other. Indeed, both theories are someshat true. There are three- types
of color receptors and they are coupled mgeﬂ-er in cpponeat pairs. This coupling occurs very early in
the system. One might sp-culatc at the present tise as to-wiat implications could be dravr from such 2

blended: system. For example, 1ot us look at the message from the ganglion cell in terms of »diat might
be perceived from it.

A. Constrzints Placed Upon Perceptior by the Ganglica Cell Responses

The early sumeation or interaction of respoases from:the different classes of color receptors
seeas to suggest that information about relative intensitics of each of the color compenents is passed
back into the central nervous systea. Consideration about abdsolute imtessities 1s mot present in 2 strai;ht-
forward way, This situation probably underlies Crasseasn's law of color matching. A coler zatch xad
under one set of background lighting conditions-wf1l hole even though- the bacerour.d conditions are dunged.
This is true even though the colors are not perceivéd as the szse as the original pair; i.e., the nane
of the color migat change.

In our earlier analysis ve kave ignored-the rcle of the rods..Recent experiments indicate that
all gdnglion cells arc connected through intermediate cells to cones(4). Thus any information reaching
the higher centers from a rod Teceptor must, pass through a ganglion cell which is also:connected ¢ & cone.
A complete rod input of course is.gray as in night vision. Although the Purldn;& shift also depends upon
Tod function, for the moment w6 will overlook this and concentrate upon photopic-conditions when normally
we do mot expect rod function. The evidence at the moment suggésts that when the cones are stimulated
sufficiently strongiy they prevent the signal from the rods frea reaching the ganglion colls. It is tespling
to speculate 2t this time about the situztions xhere colors zre desaturated, that is,.a large amount of
white added-with the spectral stisulus. Possibly the opponent pairs of cones hzve their.response balanced
in such a way that-they cancel each other. This allows the yod response to 1éak through to stimulate the
ganglion célls. As the rdas appear to be connected to ths ganglion cells in such a vay as to simulaze
a balanced cone- input, then any rod  input would seem to be 2 desaturation of the stimulus color. This
vould:be the situazion when many of the cones are equally-stimulated as by any broad band stimulus, so-
called white light. It is possible that large mmbers of rods would also contribute.to the.signal to
detérmine perceived color. Also:-this. could be why a caturated color mext to an unsaturated one tends to
maké the unsaturated color look more-saturated. The saturated cslor would have the effect ‘of decreasing
rod function generally, that is, over wide areas of the retina, which would then indicate higher saturation
values for all the-cColors in.the visual field.

B. Relation of Physiological Data to Other Current Theeries

Several other theories of color vision have been popular in the past few years; noticeably the
doninator modulator thcory of Granit (5}, the unireceptor theory of Biernson (1), and the retinex theory
of Land:(12). The dominator modulator theory for many years used the best physiological. data available.
Hodever in many ways it was a msmterpretatzon of that data in an attmpt to reconcile-the data with the
Young-i{elnholtz\theory of color vision. Such obvicusly is not possible as-more data became known. The
data. that was collected by Granit has, in fact, bsen uscd as a bolster for our modern theory blending the
Hering opponent colors theory with the Young-}lelmholtz trichrozatic theory. As mentioned before the
techniques perfected by and questions raised by Granit have.formed- the basis for more modern experiments
leading to the current theory.

Biernson's theosy was one Lorn after its time. He.posrulated a single cone type which by a
scanning methsod had.different spectral sensitivities, Although nathmatzcally possxble, it is inconsistent
with the micmspectmphotometxy and electrophysiology of single cones. At present it is complesely untenable
as a model for reahty. As a theoretical model for a color vision system in an unknown animal it would
certainly work and be-equivalént in overall function to the systems that we do know.

In its broadest sense Land's theory emphasized the refative aspects of color. It is reaily ina
direct line from Goethe's theories, where everything depends upon border contrast, overall luminances and
in background coiors. Land emphasizes the deviations in actual color perception from what would be expected
fron a purely. physical analysis of zhe‘stimulus. The theory itself is not complete nor novel as several
articles, mtably those of Judd 11) and Walls (24) have shown. However, Landts insistance upen the per~
ceptual aspects of color should not.be overlocked. It is certain-that future research in color vision will
concentrate heavily on the types of phenomena that he has shown s0 elegantly. These are mostly related: to
color contrast and the difficulties in relating perceived color to the physical stimulus.

The simplest way to undetstand.color vision at present is probably to ignore all of the previous
literature in the field. Color Vision is a field in which too much has“been written. The student is
drowned in a sea of ‘literaturc. One can only hope that in the future, & definitive exposition will be
written describing the detailed working of the visual system together with a simplified summary of the
principles upon.which it operates,

E. Implications of Modern Theory for Pefects in Color-Vision
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The foregoing-analysis shows that manr loci exist in which structurai or functionsl defects cause
disturbances in color vision. Depending vpon the severity of the defect and.its iocztion, imdividual color
perception sy deviate from essentially normal to cosgletely lacking, with many ssall gradations in between.
For example, 2 feduced mmber of ore type 6f cone'would cause an enphisis of the colors depending on the
sigrals from the other types. Possibly some false color information (»a also come from the rods as has
been explained above. However, the porcepnon of colors can essily be separated from the eprception of
form. Not all types of conds seex to be used in visuil acuity- -under ‘usuxl circumstances. Thus, visual
scuity mwy be normal when the cclor-semse is quite reduced. There are f=w blue-cones and- they seem to
report oolor rather than form. Slue light would have the Jowest visusl acuity associated \uth it. Yellow
is the bess for visusl éculty and for intemsity matches.

The color-defects will t0 a.large extent fall into the schese propused by Hering. Green and’
red perception will disappear tegether, as.would blue-and yellow. ‘However, the luminozity response will
slso be affected if one of the classes of cones is- »issing. Such sesms to be .the case for protanopes
who lack sensitivity is the yellow red regions of the spectmum,

F. Possible Variations in Normal Color Vision Resulting From Stress xnd.Fatigue

In gzeneral the.cperational desands upon normal color vision are quite gross. They do not involve
ssphis:icate:! differences. between hues or saturations, Of course where color camouflage is involved sme
very sensitive individuals msy perform much better- than those with so-cslled norml coler-vision. Those
in turn are at an advantage over color defectives. However, it should be expected that in such s finely
balanced system as the one that mediates color pe—ceptioa, stress, fatigue, and other deleterious effects
zesulcing from varistions in the environment will affect color vision. Perhaps these variations in color
vision only show up in tests which reveal the detailed inner bslance of the.system. Color illusions,
such as Bentham's top, depend upon s confusion bewesn zypes of information within the visusl.system,
in this example, that of motion information with color. Any shifts in the operating:charicteristics in
the various parts of the system will change the perception of this type of illusion. Adverse .conditions
can also influence the recogniticn of cclors and the success of a particular operational mission may be
ispaired. For examplé, if Jow intensity (and low saturation) red and green were confused then it would

be difficult-to judge vhether an aizplane is approaching or leaving, as “port could rot be told from starboard.

¥hen more is understood sbout the visual system other exsmples can be predicted. Perhaps in the future
our understanding of what demands-and limitations can'be reasonably placed upon color vision.will be more
complete. Now we muinly find the liaitations after an accident points up some particular quirk in the
perception of colors.

4. CONCLUSION

Our present understanding of color indicates that the classical tnecries.of color vision, the
three color receptors- of}Young-Helﬂ\o!t. and the opponént colors type of information processing postulated
by Hering are both- present in:the human visuzl systes. This mixture accounts for both the phenomena-of
color zatching or hue discrimination and such perceptual quslities of color as the division of the spectrum
into color bands. A discussion has been given of the detailed functioning of the cells in the visual
system, especially within the retina and the relation of. this function to color perceptlon. Sotie details

of how this knowledge can aid in understanding the role.of color vision in operation situstions are mentioned.
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Figure 1. The spectral sensibility distribution of Young's three primaries as interpreted by Helsholtz.
R = yed, O = orange, G = yellow (gelb), Gr = green, 51 = blue, V = violet. Adapted fron Hecht (8).
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Figure 2. Relative sensitivity of standard receptor curves from the colerimetyy committee of the Optical
Society of America adapted from Troland (22).
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Figure 3. Spectral distribution of the primary excitation curves (action spectra) of the receptors as
suggested by Hecht (8). R = red, G = green, V = violet (blue). The devolopmont of Thomes Young's three
color primaries is shown here in its most extreae form,
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! Figure 4. Different spectra and action spectra for cones in goldfish retina. The different spectra

' (solid lines) are based on the data of Marks (16). The action spectra (solid circles) is based on the
recordings from single cones with micropipettes by Tomita et al. (21). These data indicate that there

‘ are three cone types with widely spaced spectral peaks, Similar difference spectra have been obtained

i from human cones.
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Figure 5. Potentials recorded from a horizontal cell in the goldfish. Up in the diagram indicates
positive at the recording electrode. The horizontal trace indicates the resting level of the cell in the
absence of a stimulus. The sweep direction of the wavelength change and its duration are indicated by
the arrow at the base of the rccord. The peak to peak height of the response is approximately 4 mV. The
ratio between the hyperpolarization and depolarization can be altered by the chromatic adaptation [after
Wagner ¢t ai. (23)].

Figure 6. Trichroma. response recorded from horizontal cell in the goldfish retina. Peak to peak value
of the response is approximately 9 mV. The horizontal line indicates the resting level of the cell in the
absence of a stimulus. The resting level is approximately 30 mV negative to the surface of the eye. The
other details are the same as in Figure 6 [after MacNichol et al. (15)].
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Figure 7. Variation of response of a single ganglion cell in_goldfish retina with a change of stimulus
wavelengths., A constant intensity stimulus (4.5 x 10~2 yW/cm?) was used. The wavelength of stimulus in
nanoneters is given beside each recoxd. The duration of stimulus is indicated by a step in the signal
trace at the base of each record and was approximately one half a second. Impulses occurring before the
end of each record are spontaneous in origin. The variation in the height of the spikes probably reflects
the relative polarization or depolarization of the ganglion cell at the time the spike was initiated. It
should be noted here that the off response (or increased frequency of impulses at the cessation of light)
is intimately connected with the suppression of activity during the time that the stimulating light
exposure. There is always a noticeable latency between the stimulus and the response for both on and off
[after Wolbarsht et al. (26)].
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Figure 8. The spatial distributions of color sensitivity of a typical ganglion cell is mapped on the
surface of the retina. This receptive field plot shows central and peripheral zones. These follow the
selection rules given in Spekreijse et al. (19). Two types of ganglion cells responses are shown, with
and without parenthesis. The responses within the parenthesis are always paired with each other, but are
never found in combination with those not in parenthesis. In each of thie two areas complete summation is
to be found for each of the different influences. Not all of these responses are present in each of the
ganglion cells. A blue receptor (not shown in this diagram) is also present in some of the more complica-
ted kinds of fields. Presumably these spatial distributions of sensitivity are deriyed from the spatial
distribution of such complicated intraretinal horizontal cell responses as shown in Figure 6.
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Practical Aspacts of Color Vision and its Disturbunces

by

Dr, Dietrich KURSCHNER, Col., MC, GAF
Head of the Ophthalmological Branch
of the German Air Force Institute of Aviation Medicine
Firstenfeldbruck, Germany

SUMNARY

A number of specialities of the Gewann Air Force except rlying Personnel tere
assesged to determine the extent of color vision required by the personnel involved.

It could be shown that only for the uctivicies of the Telephone Technician and Telephone
Construction Technician is normal <olor vision mandatory.

Literature on color vision i: man shows that the problem of color perception in
training for and performance in an occupation has hardly bee: covered, In particular there are
no indications which color information must be perceived in the separate branches of activities
and which coior information ia iwportant or of less relevance, This is very surprising inasmuch
as an on the job analysis of these problems may be accomplished without great experimental
efforts or equipment, In a field niudy I liave zssessed nearly all specialities of the German
Air Force except Flying Personnel using the following criteria:

1. What color signals or markings must be perceived =
in different Air Force specialities?

2+ Are color signale and markings the only source of
information for the activity in question?

3, Are there pieces of information in the respective
activity which replace a color signal or & color
marking ¢r supplement it to such an extent that
the information may be perceived correctly?

4, Can it bL» srid in consequence that color deficient
soldiers ray be assigned to the respecctive gpecia=-
1ity without any hazards?

5., We have accanted the findings of & publication by
CIBIS and HUCK in 19%9 as a physiological criterion.
The data presented by these authors show the
perception threshold in the normal trichromate to
be at a visual angle of 62,5 angular seconds and in
the abnormal trichromate at 105 angular seconds.(1)

When dealing with the problem how color deficient persons perform I have the advautage of
being deuteranomalous myself, On the anomalnscope after NAGEL my value is 20/15, when using the
pseudo~isochromatic plates after ISHIHARA ny error ecore is approximately 7, and I also have a
moderately anomalous alteration of color contrast. Under these aspects the following ajir force
career fields were studied (for illustrations see appendix):

A, SIGNAL AND TELECOMMUNICATICNS

1. Suit~bboard Operator

2., Teletype Operator

3, Morso Code Operator and R/T Operator

4, Telephony Technician and Telephone
Construction Technician

5. Teletype and Morse Code Technician

B, RADAR CONTROL SERVICES

1. Radar Aircraft Waraing Service

2. Radar Forward Air Controller

3, Radar Anti-A/C Rocket Control Service
4, Radar Air Status License

S5+ Radar Operation License

6. Air Defense Licenae

7. Air Usfense Control License

C. MILITARY AIR TRAFFIC CONTROL
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D, ELECTRONICS WARFARE

Radar-Approach Control

Radur-Ground Control Approach

Tower Controller
ElectronicReconnaiasance
Communications Intelligence Operator
Radsr Technician

E, AIRCRAFT MAINTENANCE
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Alreraft Mechanics

Engine Mechanics

Aircraft Electricians
Adrcraft Electronic Personnel
Instrument Mechanica

A, SICNAL- AND TELECOMMUNICATIONS

1. Switchboard Operators

At his place of work the switchboard operator must perceive color information, namely
white signal lasps for incoming calls, red end-of~-call iights,and green opsrational control lemps.
The observation distance is approximately 4C cx, the diameter of the lights is 8 mm, They are thus
sewn under an optic angle of approximately 1,16 + Under these circumatances even a color deficient
person can not overlook the signal. Therafore swiichboard operators may be deuterancaalous or
protanomalous without jeopsrdizing the operational safety and task performance.

2. Teletype Operators

Teletype operators are not required to differcntiate bstween colors in the line of duty.
Color deficient subjects may enter this speciality without limitations.

3, Horse Code Operatom and R/T Operators

No special demands are placed on the color vision of this personnel. On some devices red
or green control lights must be perceived which give information as to the operational state ef
the equipment, There is no danger that these signal lights will be overlocked or not recognized
by color deficient operators. Color deficient subjects may also enter these two career fields,
%hile the tasks of the operators do not place any essential demands on color vision, the situation
is somewhat different in the case of maintcnance personnel of the Signal- and Telecommunications

Corps.

4, Telephone Techniciansand Telephone Construction Technicians

It may be said of soldiers in thie spsciality that high demands are placed on their color
vision. Telephone lines, which are buried as so-called underground cables have up to 300 twin
wires; mounting cables for a telephone trunk distribution and relay bays have up to 50 twin wires,
These paired wires can be differentiated by the colors of their two wires. Thus, one wire of «
twin wire may be red, the other one whits, or one blue and the cther one white. The remaining
pairs may be yellow/swhite, green/white, brown/white and black/xhite, Then the next group ofpired
wires starts again with the colors red/white and s0 on. In a buried cable comprising 300 paired
wiree there is a multitude of confusing color impressions, Even higher requirements are placed
on color vision when considering the color markings of paired wires in so-called switchboard
cables, Here, the insulation material of one wire of paired wires is always red, and the marking
of the other wira consists of blue, yellow, green, brown or black rings, approximate width 1,5 msm,
which are 1aid on the white insulation material at spacings of 1 to 2 cm. In case of telephone
interferences such cables must be "untied" in the relay bays in order to find and trece the
defective paired wires, For this purpose the coler marking is the only information available for
the telephone- and telephone construction technician. Since repairs of this nature have to be
performed predominantly under inadequate lighting conditions, color deficient subjects may
commit gross mistakes., Particularly among the color rings of the paired wires of switchboard
cables mix-ups betweon dark-blue, green and brown are almost inevitable.

Telephone~ and telephone construction techniciane must therefore have a complete color vision

capacaty.

Contrary to these careers, color smarkings are not of such great importance in the following

spacial fields:

5, Teletype and Horse Code Technicians

Teletype- and radio sets

or protanomalous persons.

B. RADAR CONTROL SERVICES

This speciality comprises essentially the following groups:

1.

Radar Aircraft Warning Service

also contain the red, green or yellow cables, approximately

1,5 mn thick, and sometimes also of brown or black color. The circuitry and arrangement of these
cables is, however, relatively simple. If one considers that repairwork on this equipment is
mostly performed under good illumination at the place of work, a confusion of these cables due to
color deficiency is nearly impossible. Thercfore these jobs may aleo be performed by deuteranozalous
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2+ Radar Forwarad Air Controllers
3, Radar Arti-A/C Rocket Control Servics

Persons holding a Radar Air Status License, a Radar Operation License, Air Defense
License or even an Alr Defense Control License, criginste from one of the above nentioned
apecialities, They are esaentially responsible for supervisory and control functions and they
obsarve the rader screens only in exceptional cases and then only for a short period of time.

Concerning these activities it can generally be sa2id that neither observation,
evaluatios snd image interpretation nor cperation of the radar equipment require an absolutely
nornal color vision, What is required is a good differentiation beilween light intensitfes., Red
or green control lights infors only about the functional state of the equipment and during reduced
roon {llumination their {ntensity and brightness is sufficient asd, heving a diameter of & mm,
they can be viewed under a sufficiently large visual angle (1,16”) from an observation distancs of
40 cm, The controle-sticks and buttons of radar equipment are in color on some models, which is
completely uncalled for wher handling them under mesopic visual conditions or even in conmplete
darkness, but in suck cases they have various shapes which 8re very appropriate and thusthey can be
differentiated through the tactile senss; the color is therefore not the only source of information.
The same applies to careers of

C. MILITARY AIR TRAFFIC CGNTROL

1. Radar-Approsch Control
2, Radar~Ground Control Approach as well as to

De ELEGTRON}CS WARFARE
1. Electronic Reconaissance
Another career within the speciality of electronics warfare, the
2, Communications Invelligence Operator

has hardly any vigua) tasks and consequently his color viaion is not streassed. The
maintenance and repair of equipment used in the Radar Control Service, in Military Air Traftic
Control and in Electronics Warfare is the responsibility of technicians which in part are highly
epscialized in their activities, All of them are not only dealing with colored cables during
maintenance and repair work, but also with colored condensators snd above all with the color coding
of srall and minute resistors. Particularly the differentiation of micro resistors is taxiing the
color sense of the technicians even more, The size of the resistors is as szall as 3,7 ma in length
and 1,7 mn in circumference, It is understandabie, that these small dimensions prohibit marking b,
numhors or letters and the ring-like color coding indicates the value of resiatance dspending on
the color, (two figures in addition to multiplication factor and tolerance value). #hon viewing
these little resistors one believes on first sight that tochnicians having to handle them must in
any case have a completely intact color vision, Critical analysis of every task process and work
situation, however, leads to a different conclusion,

1, Search for the source of disturbancs is done with the aid of a connection diagram and the ohm-
meter, Both prccedures involve no celer vision.

2. In cass of disturbances in an operational equipsent not only single resiators are replaced but
complete construction alsnents (Ples).

3, Defective construction elemants (Pies) may only be repaired in the workshop; this means a good
work place illumination and work without time prossure and without coapulsive body posture.
Under these circumstances a mix-up of ssallest color codings {s nearly impossible, even on
part of color deficient technicians, which fact is supported by the author, who himself is
deuteraronalous,

4, 1f difficulties should arise when diffeventiating betwsen dofective resistors (damaged color
coding through therzal effects!) the rvslatance value say be found through measurement,

It may be said alaso in this caee that deuterancmalous and protanosalous individuals may be accepted
without risk in the above mentioned careers and cspscially £f they bhave an appropriate professional
background from their civil iife, ks an additioxal safeguard againat erronecus handling color
deficiont technicians should predominantly be used for work in repair shops and optimal working
conditions should be created for the recognition of solor codinga.

When studying reports in ophthalmological literature telling about errors of color deficient indi-
vidualds in the aelection of resistors in assesbly plants of the electronic industries (3), one must
keep in mind, that the work involved is not repair but purely production,and it is self-explanatory
that requiresments on color visfon for those laberers with a view towards the work process are by

far higher,

Wo must also be oriticsl when acsessing the dexands on color vision for tower controllera., So far

& completely norsal color recognition was demanaed from this group of persons. If one obaerves the
work process of a tower controller, it becoses evident that color codings play a definitely
sscondary role, The following should sarve as illustration:

1. Colored runway lighting.

2. Red lights to indicate obdstaclss on buildings of a
coertain height in the vicinity ef an airvess,

3, Colored illumination of the sight of the light gua.
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4. Colored markings on signal ammunition,

5. Red and white diagonal strips or checkered marks
on cbstacles and vehicles in the vicinity of or
directly within the flightline area,

6. Perception of red transmitter control lights and
of green control lights for incoming calls on the
K/T installation of the tower.

Ref.1: The colored runway lighting is compuisory and follows a fixed pattern., The controller
RUBWE the location of the separate colored light rows, making an error even on part of color
deficient individuals practically impossible. In order to monitor and make sure that all lights
ars illuminated the tower controllers havs recently been equipped with runway light monitoring
panels,

Ref, 2: The control of the red obstruction lights &nd markings is performed from the tower by
means of binoculars., Deteraining whether these iights are illuminated or not is exclusively a
fector of brightness perception and not of color perception.

Ref, 3: In exceptional cases, for instance when R/T communication fails, the controller must give
red or green light signalswith the so-called light gun to aircraft in the air or to those taxiing.
To make sure which color filter has been placed into the light gun the controller checks the
color of the front sight which he perceives when aiming the light gun under & visual angle of
about 2,6 angular minutes and the position of the adjustment lever. Therefore errors on the basis
of false color information are excluded., If you keep in mind that the smallest visual angle under
which an abnormal trichromate can still recognize red anc green surfaces as such is 1065 angular
seconds the color surface of the light gun sight subtending about 2,6 angular minutes is more than
sufficient, The light gun, by the way, is only used very seldom, In 1969 H,L.GIBBENS and M,F.LEVIS
(2) reported, that during 1 906 487 monitored flights in a certain area of the United States the
light gun as & signal was only used in 0,062% of the cases. This is a percentage which causes us
to reflect on the necessity of requiring tower personnel to have a completely normal color vision.

Ref, 4: Signal ammunition is marked by a relatively broad ring of the cartridge case in matching
color and by a certain pattern of notches. Moreover the color coding is not the only source of
inforuation in such cases. Red, green and yellow signal lights must not be overlooked nor misinter=-
preted as to their color by the controller if they are fired from the tower, from some spot on the
fiight-line,or from an aircraft in the vicinity of the airbase, since red signals fired from VERY
pistols have a hue of 656 nm and a brightness of 5.000 candelae and green signal ammunition has a
hue of 540 and a brightness of 1.500 candelae, and theyburn for five to seven seconds, It can be
assumad that these color signals can be correctly interpreted even under IMC by deuteranomalous or
protanomalous controllers.

: The red-white checkered pattern identifying obstacles next to the runway or vehicles
permitted to drive near or on the runway will not be overlooked by a color deficient controller
because these zarkings stand out more through their brightness contrast than through their colors.

. 6: Red transmitting and green incoming call control lights on the R/T-Panel having a diametsr
of 8 mm are seen from an average observation distance of 40 cm under a visual angle of abouf 1,16,
The predominant number of anomalous trichromates perceives red and green light signals of 1

without fail on a color testing lantern after BEYNE. Moreover the color signal in this case too

is not the only source of information. It assumes only a supporting role in addition to hearing
and the tactile sense, Under these circumstances there are no high demands on the color vision

of tower personnel, Therefore deuteranomalous and protanomalous subjects will hardly pose a threat
to flying safety.,

It is a frequently held opinion that technical personnel responsible for the maintenance of aircraft
oust have a fully normal color vision., This includes

1. Aircraft Mechanics

2+ Engine Mechanics

3. Adrcraft Electricians

4, Adrcraft Electronics Persounel
5. Instrument Mechanics

Ref. 1: Even a color deficient aircraft mechanic will not overlook red, yellow, or green control
light= on the panel, the red safety pin markers on the firing mechanism of the ejection seat and
the red streamers of the safety pins on the landing gear or on the tail unit, since they again
appear under a relatively large visual angle as seen by the obaerver, It can be difficult for a
deuteranomalous and protanomalous aircraft mechanic to decide whether a liquid dripping from the
fuselage ia aircraft fuel or the red color hydraulic fluid, Smelling and feeling the liquid may
help in such cases,

Refs 2: The engine mechanic is also not required to percsive or differentiate between colors of
vital izportance. Fuel~, Pressure- and Hydraulic lines are marked in color, but besides this color
a black=white symbol has been added {cross-checkered or diamond-shaped pattern) which facilitates
discrivination of the lines mentioned without precise color perceptions.

s The same applies to an aircraft electrician.His activity in first echelon maintenance is
confined to functional controls, At the present time, the majority of the electrical cables in the
aircraft are marked white with black inscriptions. Red, blue, yellow and metal-colored terminals
present themselves under a sufficiently large visual angle and it is safe to assume that deuter-
anomalous and protanosalous individuals can differentiate safely between thec.
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Ref, 4: In first echelon the electrician essentially performs function testson electronic
equipment, Sometimes he must replace entire construction elements. The perception of small
color codings on the resistors, as for instance during repairwork on radar equipment, does
not play any part in this activity.

Ref, 5: The instrument mechanic does not rely on color codings when checking the functioning
of instruments, Reading aids on instrument displays in form of white, green, red and yellow
sections have only a supporting function. He receives the information concerning the functional
condition of the instrument indication by means of the pointer or scale positicn.

pisregarding flying personnel, an analysis of the conditions prevailing at the workplace of the
rost important other careers in the Air Force reveals, that perception and discrimination of

color markings is indispensible and important for the safe performance of the task in only a few
cases,
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A. Signal and Telecommunications.

Only Source of Auneli Marki Normal
Specialities Type of Color Display | Information 2 U ""é ar”mgs Color Vision
Ves No or Cues? Mandatory?
Switchboard Operator Red, green & white X Hearl N
control lights earing cues °
Teletype Operator No color display N/A N/A - Ho
Morse Code Operator & Red & green X - N
RT/ Operalor control lights °
Telephone Technician & Color markings of
Telephone Construction cables & twin - - Yes
Technician wires
Teletype & Morse Code Red, green & X Simple arrangement
Technician 1 bles C i i No
yeliow cables onnection diagram
Flugmedinstlw / Abt. I
B. Radar Control Service,
Only Source of | ayyitiary Markings Normal
Specialities Type of Color Display Information 2 or Cues? Color Vision
Yes No Mandatory?
Radar Aircraft Warning Red & grecn control lights - . N
Service Ploiting boards X Fixed paltern °
Radar Forward Air Red & green controf lights - Fi
Controtler Plotting boards X ixed patten No
Radar Anti A/C Rockel Red & green control lights - fi N
Control Service Plotting boards X ixed pattern °
Radar Air Status Red & green control lights - X Fixed poltern No
License Plotting boards
Radar Operation Red & green control lights - X Fized pattern No
License Plotling boards
Air Delense license Red & green control lights - .
Plotting boards X Fixed pattern No
Air Defense Control Red & green control lights -
License Plotting boards X Fixed palteen No

Ftugmedinstiw 7 Adt. 1
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C. Military Air Traffic Control and D. Electronic Warfare.

Onty Source of Auxiliary Markings Normal
Specialities Type of Color Display Information ? or Cues? Cotor Vision
Tes No Mandatory?
Radar Approach Control Red & green control Pesition of contro!
N ~ X ! No
tights sticks
Radar-Ground Controt Red & green control - X Position of control No
Approach lights sticks
Tower Controller Colored runway lighting Fixed paltern
Red lights on obslacles Brightness perception
Light gun Position of adjustment
levers
- No
Color markings on X Pattern of noches
signal ammunition
Red & green control Position of control
lights slicks
Comrpumcol-on No color vision task NIA N/A - No
Intelligence Operator
Radar Technicion Color cables Conneaction diagram
Color coding of small - X Ohmmeter No
resistors
Flugmedinsttw / Adt. |
E. Aircraft Maintenance Personnel.
Lo . Only Source of Aurxiliary Markings | Nermat
Specialities Type of Color Display Information ? or Cues ? Color Vision
Yes No Mandatory?
Red, green, yetlow
control lights Fixed pottern
Aircralt Mechanics Red markings on fuselage X Fixed pottern No
Red streamers Fixed paltern
Red colored hydrolic oit Smell & touch
Color markings of
fuel lines
Color markings of
tngine Mechanics pneumalic lines Markings by symbols No
g ' Color markings of X ings by symbo
lubrication lines
Color markings of
hydrolic lines
Fixed pattern
Air¢raft Etectricians Color cables X Clear arrangement No
Connection diagram
Color cables Replocement of com-
Aircratt Electronic Color coding of smalt X plete etements only "
Personnel resistors Ohmmeter o
Connection diagram
. Red, green, yeltow markings .
Instrument Mechanics on the periphery of dials X Needle positions No

Flugmedingtlw 7 AdL 1
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CHEVALERAURD

KURSCHNER

DISCUSSION

Je voudrais poser une question au Colonel Ktirschner concernant

la tolérance de certains dyschromates ¢ .ne les lecteurs dtécrans
radar. Je pense que les contrdleurs d'écrans radar comme de radars
de bord montrent une fatigue psycho-visuelle important quant 3 la
détection des échos. On a pu vérifier que la fatigue visuelle est
plus impcrtante chez les gens porteurs d'anomalie du sens chromatique
que chez les sujets qui ne portent pas dtanomalie du sens chromatique.
Je voudrais demander si nous n'avons pas augmenté les risques
dterreurs, les risques des erreurs non pergues ou les risques des
échos mal interpetés en acceptant dans cette profession des sujets
dyschromatiques?

It is well known that visual fatigue in radar scope observers has
many causes., The first place is surely occupied by disturbances of
eye muscle functicns, of accemmodation, and refractive errors. If
colour deficiences in these operators cause visual fatigue at all,
which in my opinion has not been proved beyond doubt so far, this
would only apply to protanope individuals. 3ince the shortening of
the long wave end of the spectrum is a characteristic feature of this
colour disturbance it may be safe tz assume an impairment of the
ability to differentiate between various brightness perceptions.
Whether this fact will have a negative influence on the evaluatioa
of the "blips" on the radar scope is subject to speculation and
whether this is so in the case of protanomalous subjects is more
than doubtful. This consideration does not apply to deuteranomalous
and deuteranope subjects whose brightness discrimination ability is
known to be good. We do not know of a case of a colour deficient
radar scope observer in whem visual fatigue could definitely be
traced to colour deficiency. In addition I should like to point out
that the observations reported in my paper relate only to colour
anomalies and not to colour blindness.

-




LYEXAMEN DE SENS CHROMATIQUE DANS LES FORCES AERIENNES
FRANCAISES ’

par

Médecir en Chsf de 1* Classe PERPRIEL G
Professeur au Val ds Grice
Ancien Surexpert d*Ophtalzolcgie du Centre Principal
dtBxpertise Midicsle du Personnel Havigant ds Paris.

Médecin en Chef de 2* Clasge CHEVALEZALD J.
Professeur Agrégé:du Sarvice de Santé des Aruées
Caef du Servics i*Ophtalmologie du Centre Frincipal
d'Expertise Hédicale du Personnel Navigant de Paris

Malgré le développenent des procédés slectroniques dans ls navigation aérienns, le sens
chropatique des pilotes et des navigateurz reste fréquezaent sollicité au cours des.différentes
pbases du vol, notazxent par @

~ les voyants lurineux des tembleaux de bord dont la tonalité est différente. suivant qu'ils
indiquent le bon fonctioanement, l'alerte on l'alarme §

- les feux de pooition et les feux anti-collisien 3

e« les feux d'approche et de balissze des terrains.

Lors des opérations de guerre, les décollages et les stterrissages dépendent aussi, sur
certains terrains, d'uns signalisation colorée {feux et fuséea rouges et verts des "starters",
dropping-zone). Qui plus est, le reconnaissance de cetie-signalisatior colorée extérieurs A
1'avion est souvent rendue difficile par les coanditions atmosphériques (brumes et brouillard, ab-
sence ds contraste) qui créent un effet Bezold-Brucke. Ells est wussil trés dilicate lorsgque la
vitesse des aviuvns cst élavée (vol & grande vitesse ot Lasse sltitude).

La nécessité d'un sens chromatique différencié ='impose donc toujoure dans la sélection
et le maintien de l'aptitude au vol du Personnel Navigant, notasment danc les fcrces adriennes.
Cet impératif s'explique ausei par la frégquence particnliére des dyschromatopsies.

Les différentes statistiques démontrent que les atteintes héréditaires du sens coloré
ont une fréquence voisine de 8 ¥ dans 1a population masculine (Nédecin enm Chef RIU : 7,43 % ;
7,07 % parsi les recrues de l'Armée Belgo). Il faut y ajouter les dyschromstopsies acquises (en-
viron 0,5 ¥} qui sont parfois les seuls stigmates des zltérations de la choriorétine ou du fais-
cean maculaire.

Les dyschrometopsies héréditaires varient dacs leur intensité et leur fréquence rela-
tive cobme 1e montre le tableau suivant (tableau n® 1).

Absance de toute perception Achromatopsie (1 cas sur 300,000 individus)

COLOrée sevscsessococcascee

ROUGE : VERT ! BLEY
Absence de la perception Protanopies on Deutéranopi» ou 1 Tritanopie
d'une fondamentale seeesees ! ano. Dalton tzno. Nagel 1
(25 %) (10 %) . (14 %) ! (1 %)
! 1
! !
Déficience d'une fondamen~ Protanomalie !Dsutéranosalie [ Tritanomalie
£810 vecsvssscearsrsercsces | OU Ao Hart fou ano. Rayleigh!
(70 %) (59 %) ! ‘1 4)
1

(10 %) !
1

Sensibilité chromatique
atténude sesecesscccsesces

(598

"low discrimination"
salon FARNSWORTH

Sens coloré normal
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Sur le plan pratique nous retiendrons de cette classification 3

~ la gravité ces confusions que peuvent réaliser ur dyschromate de type Dslton et Negel.
le prenier peut méconnsftre un fau rouge (qui lui paraft steint) et le second peut le
confozdre evec un feu blanc.

Ces erreéurs sont ranifestes dans la sigralisation colorée aZroaautique comme l'ont
2ontré lez sxpirizentations de RUFF et SCHMIDT (tableau n*® 2).

Proportion d'erreurs cozzises psr des sujsts atteints
d'anoxalie du sens ckhromatique dans 2k reconnaissance
dea signaux colorss

Feux i occultaw
tion intermit-
tente

Feux de position

Apomaiie fixer

a—

Anomalie Palton 72 % d’erreurs 3,8 ¥ dfarreurs 77:5 % dlerreurs

Anoralie Nagel 28,4 ¥ dterreurs 45,7 % d'errears

Anozalie Rayleigh 17 % d'errours 21,6 % d'erreurs
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~ le danger des anomzlies "Rayleigh' et "dart', qui e'explique per le fait que les sujets
qui en soct atteints né issent frag t leur déficience chromstique. Ila peuvent
en effet roconnaltre parfaitecent une plage colorée lorsqu'elle se présente sous une
ouverture angulaire assez grande ot que 2a durée d'exposition est suffisants. Par contre,
lorsque la plage a une surface plus réduite et quo le temps de présentation diminue, ces
trichrozstes anormaux comzettent des confusions dangereuses :

- le "vert" peut-&tre vu "blanct

= le "rouge" peut-§tre reconnu comme un "orangé"

Ici ausnsi les erreurs dans l'appréciation des signaux colorés peuvent-8tre lourdes de
conséquences; mais elles zont woins friquentes que pour les dichromates (tableau n® 2).
En fait, les dichremates de type Dalton ou Nagel paraissent lupropres & reconnaftre la signali-
sation colorée tandis que les trichromates anorzaux peuvent, lorsque leur déficience n'est pas
trop pronuncée, 8tre capables dfassumer des fonctions de sécurité en vol, Les tritunopes ot les
tritanomaux (erreurs pour le bleu) ne sont partisllement handicapés que pour la perception des
feux de roulezent au sol.

Les dvschromatopsies scquices sont de type rouge-vert (atteinte de la voie optique)
ot d'axe bleu-jaune (atteinte d¢ 1a chorjorétine maculaire). Les erreurs qu'elles ontratnent
sont pratiquement superposables & celles que ccmmettent los dyschromates héréditaires de mdme
type»

La sélection chromatique dans les Forces Aériennes Frangaises intervient systézatique-
ment lors des visites d'aptitude au Personnel Navigant (mais aussi au Personnel non Navigant
chargé de la sécnrité asrienne en vol). Elle doit dépister toulos les anomalies héréditaires ou
acquires. Mais elle s'exerce aussi, lors des examens révisionnels, chaque fois que la moindre
sltération ophtalmoscopique de la choriorétine et du faisceau maculaire fout suspecter une dys-
chromatopsie acquise.

lLa réglementation est en vigueur depuis 15 ans at permet de préconiser la valeur du
standard S.C.A. (standard d'aptitude chromatiqup) qui s'intégre dans le profil global d'aptitude
4 c3té du S.G.A. (aptitude physique générale), Se.A+A. (facultés auditives) st S.V.A. (autres
fonctions visuolles).

Ce astandard ne tient pas compte de la déteraination de la variété de dyschrozatopsie
zais essentiellement de la capacité chromatique pratique. En effet l'expertise recherche tout
d'abord si 1a vision des couleurs est mxcellents (S,C.A-/1)e Loraqu’elle ne paraft pas telle,
on détermine si la capacité chromatique, quoique amoindris, est encore suffisante pour assurer
1a sécurité en vol (S.C.A,/2). Dans le cas cont:raire, le standard S.C.A./0 est attribué. Daas

1a pratique 1l'examen comporte l'utilisation successive des tables pseudo~isochrosatiques
d'ISHIHARA et de la lanterne chrowoptomdirique de BEYNE.
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Le S.C.A./1 implique que le candidat ne cozmette aucuue erreur ou hésitation caractérisée
& 1a lecturs des plenches de la table d'ISHIHARA, faite & uns distance de 7 5 ca, le test étant in-

¢liné & 45% sur 1'horizontale et éclairé & L'aide d'une laxpe de type Eazel Mac~Beth. Chague plen~
che eal présentée pendant deux secondes.

Lo S.C.A./2 o5t compatible avec l'identification des lumidres de couleur utilisées on
séronautique. Aussi, les sujets commettant des erreurs & la table d'ISHIHARA, sont exasinés &
'aide de la lanterne chrozoptométrique de BEYNE, présentant la lumiére transmize par des écrans
colorés, correspondant aux feux : rouge, jaune, vert, bleu at blanc (dont la longueur d’onde domi-
pante corresponé réellazent & celle des feux et balises de l'aéronsutique).

La distancas dlexaten est de 5 matres (diandtre apparent de deux minutes) et le teaps de prisenta~
tion est de 1/25¢me ds seconde. Les Teux présentés un & ur, & différentes reprises doivent~8tre
chaque foie dénommés exactement sans hésitation pour que le S.C.A+/2 soit attribui,

Le S.G.As/O est ixmédiaterment appliqué dds qu’une erreur ou une hésitation est constatée.

Cette technique-dfexamen comporte certains avantages 3

- rapidits de X1'expertise dont la durée n'exciéde pas cing minutes ;
- gélactivité qui répond aux impératifs d'une sélection pratique ;

~ officacité qui peut toutefois 8tre discutée pour le test d'ISHIHARA, qui sn prinmcipe ne
Wrgpord" pas devant les auomalies d'axe tritan acquises ou héréditaires. Toutefols 1'ex~
périence montre que les sujets qui en sont atteints héasitent & la lecture des tadbles od
existent des tonalités bleues, ce qui incite A les examiner & la lanterne de BEYNE ot

leur déficiemce, 83 elle eat prononcée, apparalt nettement & la dénomination du feu colo-
ré ds couleur bleue.

Dans les cas douteux, 1'Expert peut d'ailleurs faire appel aux auires procédés classi-~
ques de l'examen du sens chromatique (anomaloscope de Nagel, tests de FARNSWORTH) qui, permettant

d'epprécier qualitativement et quantitativement le degré de 1'anomalie, étayent ainsi sa décision
dlaptitude ou d'inaptitude.

Les résultats que nous avons obtenus dans la pratique de cette expertise portent sur
44,193 candidats exawminés pendant 10 ans pour 1'aptitude au vol.

2) le S.C.As/1 (excellents vision des couleurs) a été reconnu chez 99,20 ¥ des sujets.
Cette forte proportion s'explique par le fait que les candidats avalsnt été le plue
souvent présélectionnés lors de leur scolarité ou de leur engagement dans 1'Arzée de
1'Air, avant de s'orieater vers le Perscnnel Navigant.

b) le 8.C.A./2 a été attribué dans 0,4 % des cas.
¢) e S.C.A./0 a intéressé 0,4 % des candidats.

Lors des exazens révisionnels, les dyschromatopsies acquises ont entrafné une inapti-
tude définitive dans moins de un cas sur 1000 (S.C.A./0).

La sécurité de ces codalités d?expertise apparalt & 1l'étude des dossiers d'accidents
aériens car aucun d'entre eux n'a pfl 8tre imputé & une défaillance du sens chromatigue.

En conclusion, les conditions dtexpertise du Personnel Navigart permettent l'attribu-
tion rapide et sure d'un standard d'aptitude chromatique (5.C.A.) qui intervient dans 1'établis~
sement des profils & l'esmploi dans les différentes spécilalités (par sxemple 5.C.A+/1 pour un
pilote de chasse, S.C.A./2 pour un mécanicien).

L'inaptitude définitive & toute fonction aérorautique de sécurité est ainsi diterninée

par ua procédé pratique, qui met le candidat dans les conditions de visibilité des feux colorés
utiliséa dans l'aéronautiques

Le r8le de L'Expert n'eoi pas seulezent négatif, car il collabore avec les Ingénieurs

de 1'aéronautique pour adopter les procédés de signalisation et d'information aux possibilitis
chrozatiques des Navigants,
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DISCUSSION

Je voudrals poser une guestion sur le tableau numéro 2 que vous
aviez montré. J'ai partieilement compris, que parmi les anomalies
de Dalton vous aviez 73% de fautes commises avec des feux fixes
tandis qu'il n'y en avait que 13,9% avec des feux occultants.
Voudriez-vous expliquer cela, s'il vous plait?

Oui, je pense que ctest vrai: nous avons observé que des feux
dfoccultation intermittents ont la propriété de solliciter la

rétine dtune maniére, si on peut dire, saccadée et de ce fait entre
chaque occultation il existe un contraste, et ce contraste aide 3

la perception du feu coloré, Tandis que lorsqu'il existe un feu
fixe, i1 se produit un phénoméne d'adaptation progressive 3 la
vision colorée, et en particulier des auteurs allemands ont blen
montré 1simportance de ce phénoméne dtadaptation, et ctlest pour
cette raison que le feu d'occultation intermittent est plus
intéressant. Dfautant plus, je pense qu'il y a un élément psycho-
sensoriel: 1le phénoméne de stimulation successive entrafne, si l'on
peut dire une augmentaticn ce ltactivité de la substance réticulée
et, par 13 méme, une perception, et non plus une sensation, qul est
beaucoup plus approfondie pour la détermination de la couleur. Je
pense gue l'on peut expliquer cette discordance qui est effectivement
réelle et que nous avons d'ailleurs retrouvée; c'lest 1l'intérét de ces
feux dtoccultation car, méme chez les dyschromates, ils sont mieux
perqus, de telle sorte que chez un sujet normal, cette perception
seralt encore plus favorisée par le systéme d'occultation.

Vos résultats ne semblent-ils pas indiquer que la présélection
(scolaire et autre) est trop négative et brise des vocations avant
méme qu'elles alent pu étre examinées par nos bons soing?

Cette présélection est indépendante de notre volonté, mais je crois
qu'elle est utile, car elle évite d'orienter vers la carriédre aéro~
nautique des adolescents qui ont une insuffisance nctoire du sens
chromatique. Dans les cas douteux d'ailleurs, nos Confréres Ophtal-
mologistes civils nous adressent ces futurs candidats et nous les
examinons & titre officieux pour connaftre leur capacité chromatique
pratique.

My first question is: Wwhen examining with the chromoptometric
lantern according to Beyne you limit the size of the test object to
2° and the perception time to 1/25 s. Test instructions issued in
1962 for this lantern demand a minimum test target size of 1° ; why
are 'you now testing with 2° ? Is not a perception time of 1/25 s
somewhat unrealistic? which colour signal is seen for such a short
time under operational conditions?

My second question is: Am I correct in understanding that you will
admIt colour deficient applicants to a flying career as pilots if
they pass the test with the chromoptometric lantern during initial
examination?

My third question is: According to our experience a considerable
number of deuteranomalous individuals will only confuse white with
green and vice versa when examined with the chromoptometric lantern,
and then only with a target size of 1° and a perception time of 1/5
to 1/10 s, Do you believe that these errors still constitute a risk
to flying safety under present day conditions? Ipgeborg Schmidt,
whose work you have quoted, has already answered in the negative in
1942.

Il est exact que les premidres instructions dtutilisation de la

lanterne de Beyne précisalent que l'ouverture angulaire de la plage

lumineuse colorée devait &tre de 1 degré. Par la suite un rectifica-

tif a étendu cette ouverture 3 2 degrés. Cette modification est 1liée

au fait que nous nous sommes rendus compte que les sujets absolument .
normaux ne voyalent pas le feu bleu sous une ouverture de 1 mn, et ¥
qu'ils le distingualent fort bien sous ltouverture de 2 mn. Ceci n'a
rien dtétonnant, car on sait que les cénes du bouquet central de la
fovéola sont phyvsiologiquement aveugles au bleu. Le temps de parcep-
tion de 1/25&me de seconde peut paraitre effectivement tréds bref,
mais i1 faut penser que le pilote ne peut disposer que dtun temps
trés court pour apercevoir la fin de 1'éclairement d'une fusée ou
dtun feu intermittent.

PR

Les candidats éldves-pilotes "Chasse et Transport"™ doivent posséder
une excellente vision chromatique lors de leur visite dtacdmission, ce
qui implique la reconnaissance des feux colorés de la lanterne de
Beyne.
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Je rappelle que nous n'utilisons pas l'ouverture angulaire de 1 degré
avec la lanterne de Beyne, et que,qde ce fait, nous ntavons pas la
notion dlerreurs particulidres da ces deuteranomales & la lanterne de
Beyne utilisée sous cette ouverture (nous réazlisons toujours une
ouverture de 2 degrés).

Je pense toutefois que l'ouverture de 1 degré est trds sévére et
que dans tels cas, s'il n'y a pas d'erreurs & l'ouverture de 2 degrés,
les sujets peuvent étre admis dans le Personnel Navigant.
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SUMMARY

The flyer utilizes largely form vision; however, color visien is a bonus that imcreases his effi-
ciency without demanding much further conscious effort. As long as there is a surplus of candidates in
the manpower pool, the color vision problem then remains largely academic. One would simply test for
physiologic perfection; however, when the surplus of candidates no longer exists or to better utilize
those with special talents, then a relaxaticn of the color requirements is in order, This paper will
review the color vision testing and selection procedures utilized in World War I and World War IX by the
US Army Air Corps. One of the major projects of the Ophthalmology Department at the School of Aviation
Medicine (SAM) at Randolph Air Force Base, Texas during Vkrld War II was research on color vision. The
color vision tests recarmended as a result of this work are still the tests of choice in the US Air
Force, The color vision stardards for flying in the US Air Force have recently been changed for the
first time since World War II, Mild defectives scoring 5C or better on the SAM coler threshold tester
(CTT) are now accepted into flving training, A ten-vear retrospective study of 4801 experienced flying
personnel providec strong evidence that these standards are valid, The handling of color vision defec-
tive casismzfemd to the USAF School of Aerospace Medicine (UISAFSAM), Brooks Air Force Base, Texas, is
also outlined.

INTRODUCTION AND HISTORY

"The proper recognition of color plays an important part in the success of all types of fliers. On
the maps generally used by observers the woods are green, rivers blue, roads yellow, railroads black, and
towns brown, Sky-rockets with a parachute are white, red, and green, and cartridges, with and without
parachutes, are of similar colors, Bengal flares which are used in woods and heavy underbrush are red
and white, The aercdromes use red and green, or white lights for hcmecoming planes, while the planes
therselves carry a red light on the port and a green light on the starboard side, In a "dog fight,"
fliers of sreat experience state that it is necessary to recognize colors on a machine te avoid the pos-
sibility of shooting down a friend., All types of fliers (over land) are liable to have to select quickly
a place for a forced landing, In this connection, Captain S. J. Allen, Royal Air Force, states that good
oolor vision is necessary to detect differences of cclor on the ground, "A light field indicated stubble;
a dark field, grass or wet and marshy ground; dark green stripes running across fields, water or ditches;
yellow, sand; and rough brown spots, bumps," If a flier who has been successful in training is found
later to be color blind, he can be used as an instructor, ferry pilot, or night bomber, provided only
white lights are used at his aerodrome, In great emergencies he could be used as a day bomber owing to
the height at which he usually flies,"”l This paragrach was taken from Aviation Medicine in the A.E.F.,
from the chapter "The Eye in Aviation,” written in 1919 by Colonel W, H, Wilmer and Major Conred Berens,
It contains much that is still important in flying aircraft today,

With the advent of larger, faster, higher flying, instrument-navigated aerospace craft, the role of
oolor vision should decrease in importance; however, flving under operational conditions, such as in
Southeast Asia, the pilot once again has returned to the situation as noted in the opening paragraph,
During World War I the medical examiners felt that color vision testing was an important part of the
physical examination of applicants for the Aviation Section of the Signal Corvs., Testing for color de-
ficiencies was done by the Jennings' self-recording color test.l A perforated cardboard exhibating con- '
fusion colors was placed before the applicant. A shade of red or green was placed before him and he was !
asked to select, by punching through the perforations, anything in the chart that contained red or green,
Punctures were permanently recorded on a blank beneath the chart, The instructions on the back of the
blank, 609A.G.0, (Physical Examination Form), also stated that if a Jemnings! test was not available,
the medical officer should select a skein of any shade of red or green worsted and have the candidate
select in separate piles all skeins containing red or green. Further, if confusion was still present,
color lights at 20 ft. should be used as a test before rejecting the candidate,2 It is evident that '
even at the very onset there were color vision testing problems,

During the period between World War I and World War IT the Department of Ophthalmology at the School
of Aviation Medicine had carried out a series of tests for the detection of color blindness. Experimenta-
tion Was carried on with Holmegren skeins, Jennings' self-recording, Stillings' pseudo-isochromatic and
4illiams' lantern tests, A recommendation was made in 1935 that the Ishihara test be adopted.3

When the Ishihara test was first included in the examination, those who failed were rejected, but by
1940 several other tests, such as the Stillings' pseudo-isochromatic plates, spectroscopic, Holmgren varmn
matching, and lantern tests were also used to examine the extent of color blindness.* The authorized

3

|




Ad-2

tests for central color vision in 19Ul were the Ishihara test or the Stillings' pseudo-isochrematic
plates and Holmgren skein of yarn. Sufficient data had been acetrmilated to warrant recormerdation that
the Holmgren test, exvressed in terms of the Edridge green’ classification, be discontirued. A study of
50 individuals who made errors on the Ishihara test indicated that about 3/u4 of these could not be qual-
ified or disgualified on the results of the Holmgzren yarn test used as a "oconfirmatory test," Eighty
percent of the entire group also made significant errors on the Williams' lantern test.5

During World War IX a large number of studies on color vision were made at the Army Air Force
School of Aviation Medicine, at Randolph Field, Most of these were accomlished under the direction of
Louise L. Sloan, Ph.D. At the time these studies were initiated, in 1942, four tests of color vision
were authorized for use by the US Army Air Force. There were two basic tests and two adjunct tests.

The basic tests were the Ishihara (8th edition) and the Amerdican Optical Company (AOC) pseudo-xsochm—
matic plates; the two adjunct tests were the Holmeren wool test and the School of Aviation Medicine
lantern test, Ability to pasg these last two tests was used to qualify men as "color safe" under cer-
tain conditions, Regulations were rather vague as when to apply thece tests; consequently, it was left
to the individual examiner to select the testing device and method of scoring so as to distinguish be-
tween those who did and those who did not meet this criterion, Studies to determine the most practical
tests for color vision were carried out in a most logical and efficient marmer., First, a job analysis
to determine the type of color discrimination mqua'red of aircrew personnel was done, Following this,
most of the tests that were available at that time were investigated, In certain of these tests modifi-
cations were made, and, in addition, certain new tests were developed for use Ly the US Army Air Force,
A list of the tests investigated between 1942 and 1945 follows: American Optical Company pseudo-isochrom-
atic plates, Rabkin polychrematic plates, Scheol of Aviation Medicine anomaloscope, the Rand ancmalosccpe
(Bausch and Lomb), Inter-Society Color Console (ISCC) single iudgment test, Eastman hue discrimination
test, Farnsworth-Muncell 100 Hue test, terrain test, and Peckman vision test, There were also tests
made on a nurber of lanterns: Canadian Lantern and the SAM CIT, or Color Threshold Test. The sum

total of all these investigaticns was that in 1943 the American Optical Company abmdged set of pseudo-
isochromatic plates was selected as the most suitable basic test., This abridped version was composed
of 17 test and 2 demonstration charts, Of the mumerous quantitative tests investigated, the SAM Color
Threshold Test was rated to be the most satzsfactory for the classification of flymy personnel.8 These
tests continued when the USAF became a separate service, However, further investigations culminated in
the assembling of the current American Optical Company 15 Plate Test (14 test plates and 1 demonstration
plate) in 1951, This set was adopted by the US Air Ferce in 1953 as the official color vision screening
test,

Dvorine coler plates at first were printed in two volumes, in 1944, under the title "Dvorine Color
Perception Testing and Training Charts." A second edition of these plates was published, in 1953, under
the title "Dvorine Pseudo-Isochromatic Plates," These also had 14 diagnostic plates and 1 demonstration
plate, The American Medical Association approved this edition in 1954, and approval was given in 1959
by the Medical_’r‘aterial Coordination Comittee for the use of this edition by the Armed Forces of the
United States,

From 1959 through 1970 there were two basic screening color vision tests: that is, the American
Optical Company and the Dvorine 15 Plate tests, These were considered to be interchangeable, These
tests were rot identified separately in the Federal Stock Catalogue and, therefore, when requested
through supply channels, one might receive one or the other, These tests were utilized for scmenmg
of Classes I and IA candidates, AMM 160-1 (Medical Fxamination and Medical Standards) listed in para-
sraph 69 under Color Vision: Flym;v Classes I and IA - Causes for Rejection: Five or more incorrect
responses, Flying Classes II and III could pass the color vision stardards if an individual made a
sccre of 50 or better on the VIA Coler Threshold Tester (grade 1); however, applicants for the aes1gna-
tion of flight medical officers and flight surgeons must pass the eolox‘ vision test plates (V’I’S—CV).
These standards remained in force until 1 July 1971, The present AFM 160-1 (Cl) now hsts, in para-
graph 4-12, Color Vision: Flying Classes I, IA, II, and IIT - Causes for Rejection: Five or more in-
correct responses in reading the 14 test charts of the Standard Color Vision Test set (V’IS-CV), unless
examinee makes a score of 50 or better on the color threshold tester (VIA-CTT). 9 As of this date, then,
the US Air Force is following the example of the US Navy of allcwmy the mildly color defectives to
enter into flying training. “Table T swmarizes color vision testing from 1918 to 1971, A mumber of
authors have brought cut the point that madequacles and unknown factors in the testing procedures have
allowed numerous color defectives to enter training undetected. The final sentence of “Sloants 1946
publication is pertinent to the next part of this paper, The sentence reads: "Studies are also needed
to provide further information as to the degree of defect in color vision compatible with the various
duties of Air Force persornel,"

TABLE I
Color Vision Tests Used by US Army Air Corps and the US Air Force
Date Tests
1918 Jennings!' Self-Recording Color Test:
1935 Ishihara Pseudo-Isochrematic Plates
1941 Ishihara or Stillings' Pseudo-Isochrematic Plates
19u2 Ishihara - American Optical Company (AOC) Pseudo-Isochrematic Plates
1943 AOC Pseudo-Isochrematic Plate Test (17 test plates, 2 demonstration plates)
(SAM Color Threshold Test (CTT) quantitative test developed)
1953 A0C Pswdo-Isochramatic Plate Test (14 test plates, 1 demonstration plate)
1959 Dvorine Pseudo-Isochrematic Plates (1u test plates, 1 demonstration plate)

1959-1970 AOC and Dvorine for Classes I & IA - SAM CTT for Classes II € III, except
flight medical officer and flight surgeon (same as Classes I & IA)
1971 AOC and Dverine Flates or SAM CTT (50) for Classes I, IA, II and III
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RETROSPECTIVE STUDY OF COLOR DEFECTIVE FLYING PERSONNEL SEEN IN THE
OPHTHALMILOGY BRANCH, USAFSAM, JANUARY 1960 TO HOVEMBER 1971

From January 1960 to September 1971 all persomnel referred for clinical evaluaticn were scraened
for color vision defects using a set of Dvorine plates (VIS-CV), These included 4447 experienced pilots
and navigators and 354 additional experienced flying personnel who were not pilots or navigators. See
Table II, Only 48 color defectives were seen during the ten and one-half year period, Of these 40, only
9 had been referred for evaluation of their color vision, Eight of these 9 were student pilots with less
than 60 hours of flying experience, Five of the 40 had ocular diseases, including 3 with central serous
retinopathy, one with macular degeneration, and one with retrobulbar neuritis, Another was referred for
a oontact lens for irregular astigmatisn following corneal surgery. The remaining 25 were picked up on
routine screening here at the USAF School of Aerospace Medicine (USAFSAM) with the VTS-CV plates and
were originally referred for nonocular diagnoses, The most common referrdl diagnoses are listed in
Table III,

TABLE II
Total Flying Personnel Screened at USAFSAM with VIS-CV
From January 1560 to September 1971

Pilots 3509
Navigators 938

Total uyy7?
Other Flying Personnel 354

Total Flying Personnel Screened. at USAFSAM with VTS-CV
From September 1966 to September 1971

e

Pilots 1492

Navigators __384

Total 1856
TABLE TIT

Reasons for Referra) to the USAF Scheol of Acrospace Medicine

DIAGNOSIS NUMEER OF PATIENTS
Color vision abnormality

Special duty examinations (ARPS, etc.)
BOG abnormality

Central serous retinopathy

Synccpe, loss of conscicusness
Diabates mellitus

Psychiatric

Retrobulbar neuritis

Macular degeneration

Other nonocular diagnoses

=
o loo | d [ ~N w w w &= [s43

Total

From January 1960 to April 1964 the only tests routinely used at USAFSAM for evaluation of color
vigion deficiencies were a Nagel ancmaloscope (Schmidt-Haensch #585) and the VIS-LV test plates. Quanti-
tative results on the ancmaloscone, including midpoints of ranges of acceptability on the Rayleigh equa-
tion, have not been recorded, In January 1965 the VTA-CIT lantern was added, and since January 1968 the
Farnsworth 100 Hue Test and the Farnsworth Dichotomous Test (Panel D-15) have also been used frequently,
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Tuenty-seven of the total of 40 color defectives seen had corpenital defects, Five were acquired,
and 6 vere not determinad, Two were reported to have very minimsl deuteranoralous defects on the Nagel
ancmaloscope but could pass the VI5-CV given here, Thess twn cases are not included in Tables IV and
VI, The five cases of acquired defects will not be civen in detail here, None were grounded due to
their mild losses of color discrimination, but 2 had asrociated visual acuity and visual field loswes
which were judged hazardous,

The remainder of this report will be limited to considerations of the 27 who vere definitely diag-
nosed 4s having congenital color vision defects. Twentv of these were deuterancmalous, 2 were deuter-
anopes, 2 had protanomaly, 1 was a protanope, ard 1 was apparently tetartancmaious. See Table IV,
First, a brief description of the very few defectives sesn at USAFSAM who had considerable experience
in various flying careers will be given, This is followed bty an attempt to determine the significance
of the marked relative paucity of various types of color defectives among U447 experienced pilors and

navigators. Finally, a similar exanination will be made of the color defectives ameng flying personnel
who are not pilots or navigators,

TABLE IV
Tyves of Congenital Color Vision Defects among Various Career Fields
Seen January 1960 to September 1971

Type of Defect and Whether
Congenital or Acquired

Career Field Deuterancmalv  Protanomalv  Deuteranovia Protanopia Undetermined
Pilots 12% 0 g 0 2
Navigators 1 0 0 1] 1
Other Flying

Personnel 2 2 0 0 L1

Non-flving ] 1 0 0 2

Student Pilots 5 1 2 1 0

(One apparent tetartan is not listed.)

#Eight of these were seen prior to Sentember 1966 and are not included in Table VI,

“This single deuteranope was also seen prior to September 1966 and is not included in Table VI.

A Few Successful Defectives

Among those failing the VTS-CV plates here with congenital defects were 12 with considerable flying
experience, All denied ever having any difficultv in performing their jobs due to defective color vision.
Nore of these experienced men were grounded due to the discovery of their defects, See Table V, Eight
were pilots with an average of 3274 hours aviece and a total of 26,196 hours for the eight, The other
4 included a navirator (1900 hours), a flight enpineer (8500 hours), a boom operator (7000 hours), and
a flight surgeon (8000 hours). Eiecht of the 12 had CIT scores of 40 or above (srade 1 defect), and the
6 of these who were pilots seem to substantiate the recent policv chanre allowine candidates for pilot
training to fail the VIS-CV if they can achieve a score of at least 50 on the VTA-CIT. Two pilots and
the flight surgeon made grade 2 scores (35-49) on the VIA-CTT and one flight eneineer and one pilot (a
Major General) made srade 3 scores (below 35), These successful pilots with low CIT scores are not in-
consistent with Sloan's conclusions from her work on the CTT. She pointed out that a score of 50 on the
CTT would "not qualifv men unable to digcriminate red, sreen, and vellew biscut eun signals but would
disqualify some who are able to do 30."

Also, Steen and ilewis in a recent studv for the FAA Civil Aercmedical Institute found that about
one third of color defectives with scores below 50 on the CTT could identify S-second biscuit smn signals
from 1500 feet awav at nisht,10

Eleven of the 12 experienced flying personnel in Table V had a deutan tyve of defect; the only protan
was @ flisht surgeon. Nf the ¥ other vrotan color defectives seen at USAFSAM since 1960, none have been
experienced pilots or navigators. fne protanomal and one trotanope were eliminated from piiot training,
Two other protanomals were a flight steward ana a personnel director who was being reconsidered for re-
assignment to missile duty. The corplete absence of protanomalous pilots and navigators is probably sig-
nificant, and will be considered in detail in a subsequent section.

ey
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TABLE V
Experienced Flying Persomnel with Color Vision Defects
Case Nurber “olor Vision No, of Plates VTA-CTT Grade of
and Rank Position Hours Defect Failed on VTS-CV Score Defect
4  Capt Pilot 2800 Deuteranomaly ‘More than 4 [ 1
5 Capt Pilot 1696 Deuterancmaly More than 4 59 1
7 Col Pilot 3200 Deuterancmaly More than 4 60 2
13  Ist Lt Pilot 500 Deuterancmaly bl 61 3
22 1st Lt Pilot 2300 Deuterancmaly S 64 1
31 Maj Navigator 1900 Deuteranomaly 13 62 1
38 Msgt  Boom Operater 7000 Deuterancmaly 1 51 1
10 Maj Pilot 4200 Deuteranopia M 35 2
25 Maj Pilot 5500 Deuteranomaly n ug 2
Flight
26 Col Surgeon 8000 Protancmaly More than 4 39 2
20 Maj Gen Pilot 6600 Deuterancmaly 12 29 3
Flight
35 MSgt Engincer 8500 Deuterancmaly 12 33 3

Whether these very few successful pilots and navigators are sufficient to indicate that their type
of defective color vision is not really a handicap may in part be determined by a statistical considera-
tion of how many color vision defectives should have been seen at USAFSAM if defective color vision is
compatible with success as a pilot or navigator versus how many were actually observed, This analysis
can begin by estimating the proportion of defectives who probably passed undetected into pilot training,
or the misclassification rate,

Misclassification rates

All but one of the 8 student pilots listed in Table IV had been accurately classified as defective
on the initial pre-training examinations, The single exception, a protanope, had memorized the order
of plates and later had sufficient difficulty with signal lights at night on landing that he decided to
return to the flight surgeon's office for further testing, Amongz the 19 ronstudents definitely diagnosed
as having congenital defects however, 10 had an innacurate "WTS-CV passes" or 'passed - on re " on
their previous physical examinations, This 52% error rate is similar to that found by Paulson** at the
US Naval Marine Medical Center, Only about 60% of the color defectives sent to her laboratory between
1955 and 1965 had been correctly identified, Farnsworth lantern results were reported only 71% accurate,
Previous records of CIT scores were available here for only 8 men, Three of these 8 were sufficiently
at variance with scores obtained here that previous improper technique could be suspected. The percentage
of color defectives seen at USAFSAM with incorrect records has no direct correlation to the percentage of
oolor defectives who have been allowed to.slip throuwh the screening examinations and into pilot and nav-
igator training. The fact that a substantial percentage of the defectives seen here did have inaccurate
records Jdoes indicate in a general way that the field testing and recording during the years that the
exverienced pilots and navigators in this study were undergoing their pre-training examinations were
less than completely adequate.

This inadequacy cannot be attributed to the test used for initial screening, Several investigators
have found the VIS-CV to be very efficient in separating color normmals from defectives when administered
oroperly, A comittee of Farnsworth, Sloan, and Judd “found that the Armed Ferces Color Vz;mn Test
series of plates (AOC) would detect about 99% of defectives under ideal conditions, Seefelt smu.larly
found only 1.9% of defectives misclassified by the AOC plates and %,9% misclassified by the Dvorine ver-
sion of the VIS-CV plates, (His misclassification rates for nomals vere 9.3% for the AOC and 0,0% for
the Dvorine.,) Claro}3 found that the Dvorine version of the VIS-CV misclassified 4% of defectives, and
AOC misclassified 6% of defectives, (C. 's misclassjfication rates of normals were 4% for the Dvorine
and 3% for the AOC,) Crawford,i Sloan,i% and Belcheri® also found similar results with the Dvorine
plates,

The VTS-CV in both major forms appears to be reasonably adequate; the faults must therefore lie in
improper procedures commonly used in testing and recording in the field, How commonly the VIS-CV is
improperly administered or inaccurately recorded cannot be known precisely at oresent. In 1944, Sloanl?
reported that only about 3% of Aviation Cadets were being rejected for color vision def:.c:.ency instead
of an expected 6% to 8%, Even if a few who would have been applicants for pilot training eliminated
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thonselves because of prior knowledge of their defects, this error rate in detection would still appr
imate S0%. Sloan attributed this to the use of only a few pocrly selected charts instead of the corplete
test, and previous coaching of applicants, Paulsonil gave quest;cnmms to 83 hospital corpsmen at-
tending the School of Submarine Medicine, ard 83% of them were willing to state that they had routinely
given the USN color vision tests (plates and Farnsworth lantern) using improper technique. Only S0%

of the testing facilities at which these corpsmen served had the required daylight lamp, Farnsworthl8
has estimated that if the plates are given under ordinary incandescent light, about half the deutans will
pass.undetected,

Even when the procedure used for thg plates is incorrect, they are still susceptible to prevxous
familiarization by the examinee. Sloanl® tested 7 men who had been given the older, unabridged series
of the AOC charts during every day of a course of red and green light treatments given to "awre" their
color blindness, She found that these men did indeed do fairly well on the plates they were familiar
with, even though the other tests still indicated deficient color perception. Also, the order of the
plates can be memorized if it is not changed periodically,

Considering the various ways in which the VTS-CV can be improperly administered and inaccurately
recorded, Paulson's disturbing questlonnames answered by hosprtal corpsmen, and Sloan’s estimate of a
50% error rate in detection of color defectives in the field, it appears reasonable and probably cone
servative to estimate that during those years that the experienced pilots and ravigators in this study
underwent their pre-training examinations, about 25% of color defectives passed undetected into flying
training,

Chi-square analysis

If the estimate that 25% of color defectives passed undetected into flying training is accepted for
the experienced pilots and navigators of this study, then a useful comparison can be made between the
expected number of color defectives and the actual riumber observed from January 1960 to September 1971,
All patients seen at USAFSAM were screened with the VIS-CV, Dvorine, administered using the proper tech-
nicue and frequent changes in plate orders The VTS-CV could be expected to detect virtually all those
with protanomaly, protanopia, deuteranomaly, and deuteranopia, as shown in the previcus section, In an
unselected Caucasian male population the incidences of these defects are as follows: protanomaly, 1,0%;
protancpia, 1.2%; deuterancmaly, 4,6%; and deuteranopia, 1,4%. 20 The total of these percentages is 8.2%s
Twenty-five percent of 8.2% is 2,05% The total number of experienced pilots ard navigators seen over
the past ten and one-half years is uulh7, (See Table II,) The number of color defectives expected to
have been seen at USAFSAM is 2,05% X uuu7, or 91. Only 17 oolor defectives were seen among the experi-
enced pilots and navigators, The difference between 21 and 17 for this large sample is highly signif-
icant by Chi-square analysis (p<005). This is evidence that at least some varieties of defective color
vision are incompatible with success as a pilot or navigator.

The precision of this analysis could be improved if the proporticnal distribution of the different
types of color vision defectives among those passing undetected into flying training were known. Then,
scme insight oould be gained as to which types of color vision defects are greater handicaps in flying
and which may be less hazardous. Though this distribution cannot be known precisely, there is a good
reason to believe that the pmpom:;on of each tyvoe of defect among the defectives who passed undetected
into flying training was quite similar to that of the defectives in an unscreened population, This is
simply the frequent observation that when the VIS-CV is improperly administered, it is adninistered so
improperly that the effect is the same as administering no test at all.

Paulsonll questioned those color defectives whose previous medical records were iraccurate in order
to determine what errors were being made, It was found that very few of the defectives misclassified
were "borderline" cases, In most instances the tests had been adninistered so improperly in the field
that the effect was the same as not administering the color vision test. Often the examinees were al-
lowed to watch other candidates taking the test and were able to memorize correct responses; one ex-
aminee even reported that he passed the test by having a tall normal who was in line behind him whisper
the correct responses. Also, examinees very frequently reported that a passing score had been entered
in the record even though they failed the test,

The 10 seen at USAFSAM with inaccurate VIS-CV scores on previous physical examinatiens could not be
interviewed in this retrospective study as to how they managed to "pass" the VTS-CV on previocus examina-
tions, Sufficient information to gain insight into this problem was available for only three deuter-
anomals, one protancmal, and one protanope. Only two of the deuterancmals appeared to be true "border—
line" cases who could pass the plates on scme occasions and not on others, depending on the lighting
used and which editicn or brand of plates was presented, One deuterancmal and the protancpe admitted
to memorizing the plate order at the facilities where they had been tested previously. The protancmal
adnitted that though his record indicated "VTS-CV passed” he had never been given the test, One addi-
tional case seen too late to be included in the statistics for this study, a m:.ldly deuteranomalous
p:.lot, admitted to owning a set of the plates and studying them extensively pmor to each phys:.cal ex=
amination for the first five years of his career, Although more data on this point would be desirable,
our experience does appear to parallel that of Paulson; fmquently the color vision tests have been
adninistered so improperly that the effect was the same as administering no test at all,

Incandescent or other improper lighting used with the VIS-CV may favor deuterancmals, but due to
the high frequency of grossly improper testing and recording, substantial rumbers of protanamals, prota-
nopes, and deuteranopes undoubtedly slipped through the screening examinations in the field, at least
until recently., Because protanopes are more often aware of their defect prior to initial physical ex=
aminations, they can be expected more often to anticipate difficulty with the VTS-CV and te devise ways
of getting arourd this obstacle, It appears probable, therefere, that the distritution of types of
color vision defects among the previously estimated 25% of Jefectives undetected on pre-treining examina-
taons would be reasonably similar to the distribution of types found in a similar male Caucasion popula-
tion before screening,
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training examinations are available to verify this conclusion.
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No re-test data of the flying personnel in this study performed just after finishing their pre-

Re=test data on a set of current student

pilots would not be relevant because color vision screening tests are presently more standardized than

they were when many of the flying personnel in this study and in Paulson's study took their pre~training
examinations,

their careers at USAFSAM may be calculated ard used in a Chi-square analysis,

If it is accepted that at least 25% of color vision defectives passed undetected into flying
training and that the distribution of the different types of defectives approximates that seen among
the defectives of an unscreened population, then the numbers of each type expected to be seen later in

Unfortunately, the coler

vision defects of three of the pilots and navigators seen between January 1960 and August 1966 were not

precisely categorized as to type of defect.
for the period from September 1966 to September 1971,
During these five years 1856 pilots and navipators were seen at USAFSAM,

of 1856,

corresponds to the figures listed in Table IV,

TABLE VI

Numbers of Different Tvpes of Congenital

Color Vision Defects Expected and Observed Amons;

Complete data con pilots and navigators are available only
Only this five-year data were used in Table VI,
(See Table II,)

Pilots and Navigators Seen from September 1966 to September 1971

(N=1856)
Significance of Difference
Expected* Observed (Chi-square methed)
Protancrals 5 0 p<.025
Protancpes 6 i} p<.025
Deuteranomals 21 Yy p <.005
Deuteranopes 6 0 P.&.025

*Expected cclumn calculated with the assumption that 25% of defectives of
each type were not detected in pre-training examinations.

Each figure in the "expected" column of Table VI was calculated by multiplying the incidence of
the type of color vision defect in an unsereened population by 25% and then taking this as a percentage

xecept for 8 deuteranomalous pilots and
one additional pilot with deuteranopia who were seen prior to September 1966, the "observed" column

For protanomaly this was 0,01 X 0,25 X 1856, or 5.

The values of p listed in Table VI appear to indicate

that at least some degrees of severity of all four of the common types of color vision defects are sig-
nificant handicaps o becoming and/or remaining a successful pilot or navigator,

The absence of protanopia and protanomaly

degree of protan deficiency.
four colored signals--red, green,

The complete absence of any protanopes and protanomals among the 4447 experienced pilots and nave-
igators seen at USAFSAM between January 1960 and September 1971 may be more than merely coincidgntal.

Protanopes and protancmals usually total about 2,2% of an unscreened Caucasian male population, Ofven

if only 10% of protans had passed undetected into flying training, the difference between the expected
0.1 X 0,222 X 4447, or 10, and the observed zero would still be significant (p<.,005).

Camemn,n working at the Swiss Air Force Institute of Aviation Medicine, found the protancmalous
candidates did so poorly on the K,B,B,~Martin lantern that he decided to reject all candidates with any

(The K,B,B,~-Martin lantern is similar to rzwe CTT except that it bas only

orange, and white,) Similarly, Laxar<¢ found that protans identified

fewer of the full set of Ishihara plates (1lth ed.), made more errors on the Farnsworth Dichotomous
(Panel D-15) Test, and identified fewer of the Hardy-Rand-Rittler plates than deutans,

of U0 deutans failed,
Twenty-eight percent had scores above 50,

37.

Two Jeuteraropes had CTIT scores of 35 and 345 one protanope had a score of 42,

Claro}? reported that 100% of a group of 10 protans failed the CIT (score below 50), but only 60%

CIT scores of 18 deuterancmals seen here ranged from 29 to 64 and averaged 53.
CTT socores of ¥ protancmals ranged from 21 to 46 and averaged

(This difference in means was not significant, possibly due to the small number of protancmals,)

Both of the laboratory tests cited here and the practical tests of professional flying appear to
select heavily against the protan,

Evidence that the CIT score is approximately correct

The other three had scores of 29, 35, and 8.

~

Although there were no protan defectives among the 447 experienced pilots and navigators, 13
deuterancmals were seen, Of these 13, 10 had a sufficiently mild defect t. score above 50 on the CIT.

ancmals who usually fail the CTT is not available. CIam,13

.

Large population data concerning the percentage of deuter-

however, found that 65% of a "deutan"




———— T T T T T T v".‘r - At L 4 -

A4-8

popuiation of 38 composed of both deuterancmals and deuteranopes made less than §0 on the CIT, If it is
assumed that the ratio of deuteranomals to deuteramspes in his group was the usual 4,6 to 1,4 and that

all deuterancpes failed the CIT, then he had abcui 29 deuterancomals, of whom 55% failed and 45% passed
the CIT,

Suppose for a moment we assune that the CIT failing score is essentially valid and that all deuter-
anomals who pass undetected through the screening examinations and who wculd not have made a passing
CIT score would niot be seen at SAM because they would not succeed as pilots or navigators, Similarly,
those who pass through the field examinations undetected who would have made a passing score on the CIT
would be successful and would be seen later at USAFSAM, The incidence of deuterancmals in an unscreenad
population is 4,6%, If only 25% passed undetected into training, then 4.6% X 25% X uliy7, or 51, deuter-
ancmals should have been seen during the ten-year period, Using Claro's data and the assumptions men-
tioned above, about 55%, or 28, could be expected to fail the CIT, Only 3 pilot and navigator deuter-
ancmals who failed the CIT were recorded during the ten years. Unfortunately, three color defectives
seen prior to September 1966 were not categorized as to type of defect, Even if all three of those un-
categorized had been deuteranomals who would have failed the CIT, the difference between the expected
28 and the observed & would still be significant (p<.005). This indicates that deuteranomaly severe
enough to produce a score below 50 on the CIT is not compatible with success as a pilot or navigator,

Using similar logic, it would be expected that 4,6% X 25% X U447, or 23 pilot and navigator deuter-
anomals passing the CIT would be seen, Only ten were recorded, Because of the three uncategorized
color defects, it is possible that 10, 11, 12 or 13 deuteraromals who could pass the CIT were in fact
seen during the ten-year period, Whichever of these figures is correct, the difference between the
expected 23 and the mmber of deuteranomals seen who could pass the CIT is significant (p< .05 or
smaller), This would indicate that at least scme deuterancmals who can achieve a score over 50 on the
CIT still may not do well as pilots or navigators.

A score of 53, as mentioned by Sloan?3 in her first report of the performance of normals on the CTT,
may be more appropriate. It should be remembered,however, that the estimate that 45% of deuteranomals
would pass the CIT is central to the statistical considerations given in this section, and that this
estimate was based on data from a small and incompletely described group of "deutans" given by Claro,13

TABLE VI
Number of Different Types of Congenital
Color Vision Defects Expected and Observed Among
Othex Flying Personnel (not Pilots or Navigators) Seen

frem January 1960 to September 1971

(N=354)
Expected# Observed Sienificance of Difference
Protanomals 1 2 Not significant
Protanopes 1 0 Not significant
Deuterancmals y 2 Not significant
Deuteranopes 1 0 Not significant

#Expected colum calculated with the assumption that 25% of defectives of each type
were not detected in pre-training examinations.

Color vision defects among other flying personnel

The nurbers of each type of color vision defective observed from January 1960 to September 1971
among flying personnel who were not pilots or navzyato!s is given in Table VII, The sample size (354)
is considerably smaller than thosé available for pilots and navipators, and one defective was not
categorized, ‘The figures in the "expected" oolumn were calculated with the same 25% assumption used
for Table VI, None of the differences were significant, Whichever type of defect the undetermined
case had is unknown, but adding it to any of the figures in the "observed" colum of Table VII does
not make any of the d:.ffemnces significant, This terds to suggest but does not oonclusively demonstrate

that flying personnel who are not pilots or navigators de not require the same degree of color discrim-
ination to be successful in their professions,

Statistical implications summarized

We have made the conservative assumption that at least 25% of each type of color defective passed
urdetected into flying t'nammg during those years when 1856 currently exoerienced pilots and navigators
were undergoing pr\e-t:rammg examnat:.ons, and then asked the question: 'Which types of color defectives
pass through flying training and succeed in their career fields long encugh to be seen eventually at
USAFSAM?" This approach appears to be rare valid than any biscuit gun or flare test devised, This
analysis combined with examinations of 2591 edditional pilots and navigators has led to the conclusion
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that protanopia, deuteranopia, any degree of protanomaly, and all but the mildest degree of deuter-
anomaly are almost never compatible with a successful career as a pilot or navigator., How mild a
deuterancmaly can be allowed in these fields has yet to be established, but those making well above
50 on the CTT who had not memorized its sequence of colors are probably safe. A similar examina~
tion of 354 flying personnel who were not navigarors or pilots suggests that these other flying
personnel do not require the same degree of color discrimination to be successful in their profes~
sions,

CONCLUSTON

Color vision defects are almost exclusively an affliction of males. If only color normals
are accepted as flyers, 8 to 10% of the male population would be excluded. Color vision tests and
refinenent of these procedures, as shown, can identify approximately 3% ot the color defectives
who are considered to be safe to fly, Beyond this it is not very practical to expend much more
effort to squeeze out the last one half of one percent of these color defectives, It has Leen the
opinion of many concerned with color vision testing that the 6% classified as .cderate and severe
color defectives are a hazard in the flying enviromment. The retrospective study reported here
shows that a score of 50 or better on the VIA Color Threshold Tester appears to be compatible with
a safe flying career, The present combination of VIS-CV and the VTA-CIT is more than adequate to
screen and quantify mild defectives if the tests are administered properly, Better instruction
given to the flight surgeons, aercmedical technicians, and the newly emerging field of ophthalmic
technicians (912X0) should help improve the administration of these color visicn tests,

A survey of the literature shows that color vision researchers constantly strive to identify
and qualify "safe" flyers, Owr conrern as military flight surgeons should go Levond this, since
we should be selecting the "best" of tnese flyers. "Safe" ones at times may not just be g%d
encugh, For 20 vears there has been talk of engineering color requirements out of flving,“” This
has not come to be and probably will not, This is so because flying is becoming much more complex
and demanding on human physiology and perception,

Coler vision is a good cué ihat can be used advantageously by equipment designers, It allows
more information to be gathered and stored in the "computer” at very iittle cost in time and
thought. Should we give up such an important advantage? If military aircraft are becoming larger,
more expensive, faster, and fewer in mumber, why should we select their few captains with physio-
logic deficits of anv kind? ~Perhaps the most practical solution to the problem will ba to select
classes of flyers to be equated against types of aircraft and kinds of mission.
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COLOUR VISTON XN THE CAMADIAM ARMED FORCES
by

Bryan St, L. Liddy
Lieutanant Colonel
Head, Dept of Ophthalmology
Nationsl Defence Msdical Centre
Alts Vista Drive
Cttama, Ontario
KA OK6

Prior to the unification.of the Canadian Armed Forces in 1968 the Royal Canadian Navy,
the Caradian Ary and the Royal Canadian Afr Force each had their own requirements, medical
standards and methods of evaluation of these standards., 7These medical standards included that
of coleur vision. The Navy considered it important having four classifications dependent on
the sbility to pass the Ishihara Standards Hook Test and the Green Fdwards lantern Test.

The RCAF had three classifications, Colour Vision Hormal, Colour Defective Safe and Colour
Defective Unsafe. The first based on psssing the A.0. Isochromtic Book Test without error,
the second passing a colour lantern test and the third achieved by falling both tests,

The Arry ignored colour vision totally ~ their regulation reading "The recruit will
nct be tested for colour vision" Assuming the Arey had its expected 8% ratio of -colour
defectives in iis recruits, it is interesting to note that despite this neglect of colour
vision as an c=mployment factor in assignment to trade or corps there was no apparent operational
or {rnctionel deficit reported in army operations. One assumes that those were unable to
perform some specific function properly were assigned to others they couvld perform.

The Air Force had definite colour vision requirements, aircrew requiring normal colour
vision for pilot candidates but only colour defective safe levels from experienced pilots and
other aircrew. Three trades, Fighter Control Operator, Aircraft Control Operator and laboratory
Assistant had a requirement for normal colour vision, whilst the rest required colour defective
safe levels. The RCN had four standards based on passing the Ishihara Colour Plates and the
Green Fdwards Lantern - norril colour vision being raquirement for all executive officers and
certain upper deck ratings. but in general the requirements paralleled those of the RCAF.

Unification in 1968 brought a revamping of the existing trade structures within the three
services and there were crcated 97 general trades and 29 officer classifications.

Faced with the unenviable task of correlating physical abilities tc employment, the
medical branches of the Canadian Forces - now called the Canadian Forces Medical Services -
relied in respect to colour vision. on exverience and a pragmatic sense rather than embarking on
what would necessarily have been series of individual studies in each trade or classification.

Consultations were held with civilian advisors, with trade instructors and managers,
with expericnced officers in various fields, and the conclusion was that normal colour vision
was no longer a rcyuirement in any of the new trades or officer classifications including those
of pilot and executive naval officers. ‘The colour vision requirement for cach trade or classification
is apnended (Appendix A) The method of colour vision %esting utilised previocusly in the RCAF was
retained as the testing mcthod. It, as previously indicated, utilised the A.0. Isochromatic
Plates and the RCAF Colnur Lantern Test. Appendix B 1ists the technique of testing.

Deperdent on test results a person is now classified as
CV]l ~ Pass tne Colour Plate Test

CV2 « Pass the Colour lantern Test

CY3 -~ Failed the Colour lantern Test

One ray ask what has havpened to those soldiers whose previous exnerience was in the Army
and whose trade requirement now included a CV? category if testing revealed them to be in fact
colour defective level 37 It would be patently unfair to restrict their careers because of a
clinical test and in these cases walvers of non restriction were added to their documents if in

the opinicn of their superiors their colour defect had not proved any barrier to their on-job
perforrance.

Though we have assiduously asked for reports of incidents which are felt to be colour
vision related in all trades and classifications, none have been forthcoming and we can only
presurie, in the absence of these reports that the system adopted is adecuate for our needs,
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APPENDIX A

} KINDUM COLOUR VISION STANDARDS
FOR TiE
IDNITIAL, ASSIGNMENT TO TRADES

TRADR COLCUR VISION TRADE COLCUR_VISIGN
AROUR CLERICAL

ARTILLERY ACCOUNTING

INFANTRY FHYSICAL AMD RECREATION
[ FIELD ENGINEERING

FOOD SERVICES
SIGHALS

MUSIC
' SEA WEAPONS FOSTAL
FIRE CONTROL (SEA) DRAUGHT ING
! MARITIVE AIR

SUPPLY
AIR TRANSPORT TRANSPORTATION
INTELLIGENCE

PARACHUTIST
; WEATHER

SUBMARINER
PHOTOGRAPHY CREWHAN
CARTOGRAPKY
“{OPOGRAPHY
AIR TRAFFPIC CCNTROL
AIR DEFENCE C ONTROL
BOATSWAIN
COMMUNICATIONS OPERATOR
¢ COMMUNICATIONS MAINTANANCE
¢ RADAR MAINTENANCE
} ‘ ELECTRONIC (SEA)
RADIO (SEA)
SONAR (SEA)
RESEARCH
MARINE, ENGINEERING
HULL ENGINHKERING
EIEGTRICAL ENGINEERING
DIVER
VEHICLE
LAND YSAPONS
ELECTRO MECHANICAL
AVIATION
AVIONICS
SAFETY SYSTEMS
INSTRUMENT EIECTRICAL
WORKSHOP
AIR WEAPONS
5 ATRCRAFT HANDLING
STRUCTURES
MECHANICAL
FIRE PHEVENTION
LABORATORY TECHNICIAN
MEDICAL
DENTAL
§ SECURITY
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MINIMUM COLOUR VISION STANDARDS
FOR THE
INITIAL ASSIGNMENT OF OFFICERS

COLOUR YISION
ARMOUR 3
ARTILLERY 3 K
INFANTRY 3
AIR NAVIGATOR ?
PILOT -

AEROSPACE ENGINEER
COMMUNICATIONS/SLECTRONIC ENGR
LAYD ORDNANCE ENGR
MARITIME ENGR
MILITARY ENGR

DEITAL

DENTAL ASSOCIATE
VEDICAL

MEDICAL ASSOCIATE
NURSING

CHAPIAIN(P)

CHAPLAIN {RC)

AIR TRAFFIC OQNTROL
AIR WEAPONS CONTROL
FLIGHT EGINERR
LEGAL

LOGISTICS

MARITIME SURFACE
VARITIME SUB MARINE
METEOROLOGY

MUSIC

PERSONHEL DEVELOPMENT
PERSONNEL SUPPORT
SECURITY

SUPPLY

ACOOUNTS

PERSONNEL

MEDICAL

MEDICAL ASSOCIATE OFFICERS
CHAPLAINS

W W WwWLwwWwWwWWWWLLU VWLWWHLLLLWWWLWWWWWWWYWWNN




AS-4 .
AFPENDDY. B
INSTRUCTIONS FOR TESTING COLOUR VISION
GENERAL
T Colour deficiency is a sex~linked hsreditary defect which passes from affected father to

unaffected daughter who in turn will have affected scns, About 8 percent of males and 0,8 per
cent of femalez are colour deficient.

2. Candidates for service in the Canadian Forces \d.ll be tested by the Colour Plate Test
using Pseudo-insochromatic Plate Set, RCAF modification(CFMS Cat.No.6516-71-115-3110). Those
candidates who fall the Colour Plate Test will be tested by the Colour Perception Lantern Testing
using the Colcur Perception Lantern (CFMS Cat, Mo. 6515~71-804-7980)

3. Candidates who normally wear spectacles will have their colour vision tested while wearing
their spectacles,

COLOUR PLATE TEST

4 This consists of 2 series of 25 plates on cach of which is placed a test figure. The cards
shall be kept in their box when not in use as they may fade if exposed to tco much direct light.
Excessive handling will soil them and reduce their efficiency.

5. On the back of cach card will be found two numbers e.g., "3.27", the first is the number of
the plate in the series and the second is the number which a candidate with normal colour perception
will read. Of the 25 plates, those numhsred 1 to 1?2, inclusive, must be read correctly. The remaining
plates have been inserted merely to avoid any possibility of memorization.

6. A1l plates shall be viewed in the holder under a MacBeth Easel lamp., A card is placed in
the holder of the lamp and the candidate is abked to read the figure which he sees in it., This
procedure is followed for all plates, Care sheuld be taken that the candidate does not see the
numbers on the back of the cards. Each candidate must read all 25 plates, after being allowed

5 seconds to recognize each plate. After each plate has been viewed it shall be laid on the table
face up.

.

INTREPRETATION

Te The plates numbered 1 to 12 are the essential ones and thesq are divided as follows in
two separate groupss:

a, Group 1 includes plates number 1,4,5,6, and 1l. Fach of these plates must be read
correctly. Any deviation 8 scored as an error.

be Group 2 includes plates number 2,3,7,8,9,10 ard 17, Slight errors are permitted here.
That is, if the candidate sees, say, 38 instead of 56, on Plate No 7, and if he makes
the same mistake when the same plate is presented again in a different sequence, then an
error is not counted. However, if he does not see any number, or if he seen different
nucbers on subsequent presentations of the same plate, then an error is scored.

e

ASSESSMENT OF COLOUR PLATE TEST ™ b

8. If no error is scored against a candidate in the Colour Plate Test then he has passed
this test and will be graded category CV1 - Colour vision normal. Those candidates who have an
error scored against them have failed this test and will be given the Colour Perception lantern
Test.

COLQUR PERCEPTION LANTERN TEST

NOTE: The importance of carrying out accurately, and in detail the following instructions
cannot be over emphasized. Medical officers shall not vary the technique frem that
which follows.

9. The candidate is scated in a darkened room, at a distance of 20 fest from and
directly in line with, the lantern, which is set at eye level.

10. The colours the candidate is to be shown are the first to be "defined" by showing him
the single aperture knob positions 1,2, and 3, saying "This is green, this red, and this white",
He is also instructed thus, "You will be shown a series of coloured lights and as each one appears,
you are to say whether it is red, green, or white. No other colours are used in this test.”

’ 1. - The test is begun by setting the control knob at any one of the eleven positions

fossible other than 1,2,0r3. Using a single aperture, the shutter is held open for as long as
the candidate requires to arrive at a decision. As soon as his answer has been recorded, the
shutter is closed. The control knob is then turned either clockwise or anti-clockwise to the
next position ama then the procedure is repeated. This is continued until one complete

rotation has been mide. The colour named shall be recorded accurately for each knob position.
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APPENDIX B

4 12, Both apertures are now opened, and the subject is instructed: "During the second half
) of the test, you will be shown two 1ights at each time., Please name them alweyz from your left to
your right, again confining your answers to red, green, and white."

3. The operator then completes another rotation of the control knob, holding open the
chutter for aslong as the candidate requires at each position of the knob, Agein each colour
is recorded as named,

. If at any time the candidate employs names of colours other than red, green, and white,
1 he shall be told merely, "Please remember that the only colours used in this test are red, green,
and white", No error is scored for answers such as yellow, orange, pink, blue, etc., provided
that the correct answer is given after the above reminder.

15, If,at the end of two complete rotations of the filter control kneb{two sequences
consisting of 11 single Jights and 11 pair), no errors are made, further testing is not required.
If, on the other hand, one error is made, the whole test shall be repeated, beginning at a

; diffesrent starCing point and rotating the control knob in the opposite direction to that used in
the first test. The current test will be completed before the second is given.

s ! 16, ¥When a mistake is made in the first test, it is essential that the camplete test be
f repcated onces
i

ASSESSMENT OF COLOUR LANTERN TEST

' 17. Candidates shall be assessed as followss

a. :“:l No errors on the first test, or one errcr on first test but nons on repeat
est.

| be Failure. Two or more errors on first test, or one error on first test and one or more m
3 repeat test.

. 18. A candidate who fails the Colour Plate Test but who passes the Colour Perception lantern
. Test will be graded CV2 - Colour Defective Safe (CDS)
19, A candidate who fails the Colour Plate Test and the Colour Porception Lanbern Test will

be graded CV3 = Colour Defective Unsafe(CDU)

RECORDING OF RESULTS

20. Form 2040, Colour Perception Lantern ahall be vozpleted in duplicate for each candidate
tested on the Colour Perception lantern. Cne copy shall be inserted in the candidate's medical
d ts and the d copy forwarded CFHQ Attn: Surgeon General for inclusion in the individuals

CFHQ medical envelope.

21, Space has been provided in the column headed "Knob Position" in proforma in which

to indicate the starting point and direction of each rotation, An arrow shall be placed in the
appropriate column opposite the beginning of each sequence, the direction of the zrrow to indicate
the direction of rotation.
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DISCUSSION

How did you arrive at the figure of 99.3%? From the testing that
you are using, described in the paper, you cannot state these were
normal because you did not test for complete normalcy within the
class II category. There would be a lot of individuals who would
not be completely normal because some, about 30%, would fail the
test plates, Was that taken into consideration?

The figure of 99,3% refers to 99.3% of 1200 candidates who presented
at the Institute of Aviation Medicine for final testing., They were
pre-screened to a certain degree and only 7 of these candidates were
colour defective; 5 of these were deuteranomalous and 2 were protanope.

What colour signals or colour markings are mandatory for Fighter
Control Operators, Alrcraft Control Operators and Laboratory Assistants?

This is the o0ld classification for which I am not responsible. I
think the requirements here were that Fighter Control Operators needed
to have completely normal colour vision and laboratory assistants are
presumed to need good colour vision because of the spectroscopic
analysis required in various laboratory testing procedures., In the
case of the third group, the aircraft control operators, I presume

the standard was formulated in relation to movements of aircraft and
vehicles on runways.

Under what visual angle are colour test lights submitted in the colour
test lantern according to Green-Edwards?

The lantern has a distance of 1 inch between the apertures. The
apertures are 1/50 of an inch. The distance of testing is 20 feet (6m).
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Easai de Stendsrdisation do la Catégorisation des Anomalies
ds la Vision des Couleurs en nilieu militaire, ainsi que des Méthodes
employées en vue de leur dépistage,

Major-Kédscin Ophtalmologiste J.M. VAN DE CASTEELE
Cenire de Médecine Aéronautique, Bruxelles,

1, Introduction,

Il nous sembls indispensable, afin d'obtenir une sélection uniforme, ds standar-
diser notre catégorlszation et nos teats de la vision des couleurs, ainsi que en ce qui concerne
les tests pigeentaires, leur éclairage,

Les tests employés devraient €tre bien précisés et leur nombre devrait 8tre ré-
duit. Ils permottront cependant une catégerisation a base scientifique, réflétant de fagon raison~
nable le degré de gravité théorique et pratique de 1'anonalie,

La classification des individus en catégories, établies en fonction du nombre de riponses érro-
nées & 1'un ou l'autre test, en particulier aux Planches d'Ishihara, devrait &tre évitée ; ces
catégories se sont en effet avérées 8tre assez hétérogines aussi bien en ce qui concerne la nature
de l'anozalie que quant & sa gravité,

2, Tests Employés,

Pour é&tablir un diagnostic d'anomaiie de la vision des couleurs, ii faut employer
conjointement plusieurs tests : des épreuves piguentaires (cartons pseudo-isochromatiques et épreu~
ves d'assortiment) et 1'anomaloscope, sans lequel la classification d'une dyschrozmatopsie congéni-
tale reste un diagnostic de probabilits,

a, En vue du dépistage, les Atlas Pseudo-isochromstiques 4'ISHIHARA, de HARDY,
RAND and RITTLER et la TRITAN PLATE de FARNSYORTH devraient &tre obligatoirement employés. Le
principe bien connu de ces cartons est que certains signes sont rendus invisibles, du fait que
les couleurs des pastilles constituant le fond, forment avec les couleurs des pastilles consti-
tuant le signe, des paires de m8zes lsucies et dont les lieux se situent sur la méme ligne de con-
fusion,
Selon que les différences entre les couleurs soient plus ou moins dissemblables, le carton servi-
ra & la détection ou & la classification., Les signes de certains cartons, dits de "contre~épreuve"
ne seront par ailleurs pas reconnus par les sujets normaux : les différences entre les couleurs
ne concernent que la composante bleue et masquent los composantes rouge et verte mal différenciéss
par los sajets protan et deutan, Ceux-ci lisent ainsi le signe normalement invisible, l'exagéra-
tion éventuelle des contrastes y aidant également,

b, L'ATLAS d'ISHIHARA est trop connu pour que nous en donnions une descriptioh.

Sachons qu'il s'agit d'un bon test de détecticn protan-deutan, trés ou zfme
trop ssnsible, Il ne perzet cependant que trés imparfaitement de distinguer le type protan du
deutan, du fait de la non-lecture fréquente des deux chiffres des planches congues 4 cet effet,
Il ne permet dgalemant pas de se faire une idée de la gravité thaorique de la dyschrozmatopsie,
et ignore la détaction des déficiences tritan, voire tétartan,

¢, L'AO-HRR ou ATLAS de HARDY, RAND et RITTLER, édité par l'American Optical
Company, permet une bonne étude de la direction de l'axe neutre et une appréciation valable de
la gravité théorique du féficit. Il nous aidera d.nc lors de la catégorisation que nous venons
d'énoncer plus haut,

Il contient également dss cartons visant les déficiences d'axe bleu-vert (tri-
tan - tétartan), La présentation des planches d'arriire on avant facilitera gon emploi et rac-
courcira ainsi le temps d'examen, tout en évitant l'utiiisation des planches de démonstration,

d, La TRITAN PLATE de FARNSWORTH, planche unique congue pour le dépistage de
la tritanomalie ¢t de la tritanopie, est trés efficiente pour la détection des déficiences d'axe
vert-rouge ou seul le carré vert est visible,Sa présentation ne demande quasi pas de tenmps et
elle devrait donc &tre incluse dans la batterie des tests de routinse,

e, Le PANEL D- IS5 ou TEST DICHOTO.'I UZ DE FARNSWORTH, épreuve bien connue d'as-
sortiment, sera d'une grande utilité lors da la catégorisation, pour reconnaitre le type et ap-
précier la gravité de la déficience,

Les confusions se font entre des couleurs plus ou moins diamétralement opposées
par rapport & un gris de nfme leucie,

L'ajoute des lignes de raférence tétartan et scotopique, établies par Verrieat
en augmentera l'utilité,
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Sachons que les sujets normaux effectuent parfois quelques permutations wmargina-
les, ou une seule confusion diamétrale de type tritan ou tétartan.

Ce test ne sera appliqué qu'aux dyschromates puisqu'il ne s'agit pas d'un test
de détection. Le nombre et le direction dee confusions diamétrales ncus renseignent guant au type
et 4 la gravité de la déficience,

£f. Le 100~-HUZ do FARNSWORTH, autre épreuve d'assortiment répartit les pions en
quatre plumiers de fagon & ce que, contrairement au Panel D-15, les erreurs ne peuvent se faire de
fagon diamétrale, mais en fonction de la courbe des seuils différsntiels chromatiques,

Le nombre et la gravité totale des erreurs sont estimés par chiffre-index total
ou score.

La distribution des erreurs, des maximas se sifuant aux point¢s de tangence des
lignes de confusion, sera étudiée par voie graphique. Un artifice d'inscription permettra d'obtenir
en cas de dyschromatopsie le plus souvent un tracé d'aspect bipolaire qui permettra de distainguer
un gxe passant par le centre des maximas, axe perpendiculaire i l'axe neutre, et caractéristique du
type de la déficience.

Comme pour le panel D-15 Verriest y a ajouté une ligne de référence tétartan et
scotopique,

Ce test ne pout certainement pas &tre retenu comae test de routine, Il est utile

Ses inconvénients sont sa médiocrité au point de vue détection, le long temps
de passation, et la nécessité d'une bonne coopération, =
e
g« L'ECLAIRAGE des tests pigmentaires devrait &tre obligatoirement fait a 1laide
d'une source de lumiére de distribution spectrale proche de 1'étalon-C de la Ccmmission Internatio-
nale de 1l'Eclairage, de 75 lux au moins,

La Macbeth Ade-10 & chevalet convient trés bien pour les cartons pseudo-isochro=-
matiques, tandis que la Macbeth B3X-324 ou BBEX-320 est tres pratique pour l'exécution des épreuves
d'assortivent et d- classification d'échantillons colorés,

he Seul 1'ANCMALOSCOPZ de NAGEL permettra finalement 3a transition d'un diagnos-
tic de probabilité d'une dyschromatopsie congénitale, établie par les tasts précités, au diagnostic
de certitude et a la classification exscte,

L'exécution de cette épreuve d’égalisation en trois 'volets" peut dans la majori-
té des cas 8tre confile & un technicien. Il recherchera si l'équation moyenne de Rayleigh est ac-
ceptée ou non, et si l'individu testé obtient ou non l'égalisation de la radiation jaune avec la
radiation rouge et la radiation verte, Cet examen ne prend que trés peu de temps puisque les pé-
riodes d'observation ne peuvent de toute fagon pas excéder 10 sccondes afin d'éviter les phénoménes
d'adaptation locale,

Dans cette forme simplifiée, il peut donc faire partie de l'examen de routine.

Au besoin, 1'examen peut 8tre complété par l'ophtalmelogiste qui lui recherchera tous les iieux
pour lesquels les deux moitiés du champ sont métaméres,

h. $i les épreuves de dénomination ne permettent pas d'Stablir aisément le type
et 1z gravité d'une déficience, nous pensons que, par exemple, la LANTERNE de BEYNE autoriserait
certains "repéchages" ou latitudes dans l'application des critéres d'aptitude dans quelques cas par-
ticuliers,

Ces dérogations restent 4 discuter,

3. Conclusions, Catégorisation.

Afin dlobtenir une sélection unifcorzs, nos tests de la vision des couleurs et
leur éclairage éventuel devraient &tre standardisés,

En vue du dépistags, tous les candidats seraient souzis aux tests d'lshihara,

1'A0-HRR, la Farnsworth-Tritan Plate, et l'examen en trois "volets" A& l'anoraloscope de¢ Nagel,

Los tests pigmontaires seraient éclairés a l'aide d'une acurce de luamiére de
distribution spoctrale proche de 1l'étalon-C de la C.I,E,

La gravité et le type d'une déficience seront appréciés & 1'AO-HRR, au Panel-
D-15 de Farnsworth, & l'anomaloscope de Nagel, et dventuellement au 100-Hue de Farnsworth, Plaide-
ront pour un di-chromatisme, plutdt que pour un tri-chromatisme anorsal : un AO-HRR "strong", un
maximun de confusisns diamétrales au Panel D-15 et l'existence d'une zone d'équation caractéristi.
que & 1'anomaloscope, Des résultats trés déficients et du type scotopique au Panel D-15, au 100-fne
et & l'anomaloacope, feyvont admettre un mono~-chromatisme,

.l-—————-————-——~—————~——4—‘——-4-A44—-4L1AM_A- - - | ramecstifabeiatostnate -
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L'individu testé devrait 8tre catigorisé_ sous une des dénominations suivantes :
norzal, protanomal {léger, moyen, grave), deutéranomal (léger, moyen, grave), protanops, deutérano=-
pe, achromate typlque, achromate atypique, et "autree déficits",

Cette derniére dénomination couvrirait entr'autres les déficiences tritan et té-
tartan, qui seraient obligatoirement mis en observation dans un service hospitalier disposant d'une
installation é&lectro-rétinographique, et pormettant 1'établissement d'un bilan fonctionnel poussé
afin dtétablir si elles sont acquises ou congénitales, ce qui parait de plus en plus &tre la toute
grande exception,

Si 1'individu déficient n'a subi qu'une partie des tests préconlsés 2u fait que
1l'aptitude en.jeu n'en valait pas la peine, 1'expert pourra le plus souvent encore faire appel &
cette catégorisation, Des symboles repris en marge, et indiquant les épreuves subies, perzettront
dans ce cas de juger & quel point le diagnostic en était un de probabilité, et s'il y a lieu ulté-
rieurement de le compléter,

Il nous semble qu'a partir d'une telle catdgorisation, des critéres uniformes
et des aptitudes nuancées pourraient &tre discutées, permettant éventuellemant lL'accés de certains
dyschromates & des fonstions réservées jusqu'a présent aux seuls normaux,

L'on peut se demander enfin s'il ne serait pas indiqué d'établir tel que Verriest
1'a fait en 1968 un ensemble organisé de tests : un ensemble constitué de certains cartons sélec-
tionnés de 1l'Ishihara et de 1'AO-HRR sur la base de l'appréciation analytique des efficiences, ain-
8i que par le Panel D-15 st l'Anomaloscope, La catégorisation et le diagnostic des différentes dé-
ficiences s'en trouveraient posés avec plus de facilité et avec plus de certitude,

N Dy Pl DUPUIE Ty s e sprsriae—.
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DISCUSSION

Je voudrais féliciter Mr. van de Casteele de son étude trés
détaillée des tests actuellement utilisés pour la détection des
anomalies du sens chromatique. Toutefois, je voudrais discuter
certains points de sa communication:

1) Le test d'Ishihara nous a paru toujours supérieur
au point de vue de la détection des anomalies au
test de Hardy-Rand-Rittler.

2) Le test de Farnsworth 15 Hue nous paraft nettement
insuffisant, sauf pour les dyschromatopsies acquises.
Nous préférons de beaucoup le test de Farnsworth 100
Hue qui apporte une discrimination beaucoup plus
efficace.

3) La lanterne de Beyne est A notre avis un apparelllage
excellent qui donne une notion réelle de la capacité
chromatique de 1'aviateur.

Je suis tout & fait dtaccord et d'ailleurs je n'ai pas placé le
panel de 15 parmi les tests de dépistage. En ce qui concerne le
nombre des tests 3 appliquer, je suis tdut & fait dtaccord sur le
fait que cela dépend un peu du temps dont on dispose et du nombre
des ¢andidats. C'est pourquoi jtai dit que 1'on peut adopter encore
cette ciassification,

Do you really use all these tests? Do you have arguments why you
consider these tests as relevant, whereas many other authors tend to
denigrate most tests and turn to lanmtern-testing only? What are your
comments on the fact that H-R-R test it not manufactured any more? "~

At the Air Force Medical Center and for fhe flying personnel the tests
are used as indicated. This means that "normal subjects", of course,
will not undergo the time consuming Panel D-15 or 100 Hue tests. For
"general purposes" at the Selection Center of the Armed Forces only
the AO~HRR, the Ishihara, and a, lantern (designed and constructed by
the Belgian Army and commercially not available) are used.

The aim was to obtain uniform testing conditions and uniform categori-~
sation. If, for example, if was generally decided that a pilot needs
to have "normal" color vision, a testing, as indicated, would select
quite fairly such "normals”, and re-tests later on would again confirm
the initial examination. 1If, on the contrary, it was decided that
certain colour-defectives might he allowed to fly in certain
conditlions, it seems to me that these individuals could be selected

oa the basis of the advocated categorisation. Numerous papers exist
that appreciate the value of colour tests in the detection and assess-
ment of the degree of gravlity of colour vision defects. An excellent
experimental one, for example, is VERRIEST, G.: "Appréciation analytique
des efficlences de quelques tests pour le diagnostic des déficiences
congénitales de la vision des couleurs." in Scritti in onore del

Prof, Luigi Magyiore, 1968, Maccari editore, Parma. The address of
the author is: CDepartment of Ophthalmology, University Hospital,

De Pintelaan, B~9000 GENT, Belgium.

I hope that the AO-HRR test will be manufactured again, as it is a
valuable test when used ln combination with other tests.




SUMMARY

METHOD

roles.

RESULTS

Force and Army Air Corps has been carried out.

unfit for aircrew duties.

1 ‘ were adopted in 1950.

and strategic bombing.

COLOUR VISION REQUIREMENTS IN DIFFERENT OPERATIONAL ROLES
5,

N by

Wing Commander D. H. Brennan RAY
Royal Air Force Institute of Aviation Medicine, Farnborough, Hants, UK.

A study into the importance of colour vision in the various oper~tional roles of the Royal Air
It is considered that good colour acuity, although

playing a valuable part in the total process of visual perception, is not of paramount importance.

would be possible by altering the present chromaticities of red and green signal colours to admit for
all aircrew duties, except those of Close Air Support, the more severe grades of red green defective,
It is thought, however, that the small gain in recruiting would not warrant the resulting expense and
disruption of present services,

INTRODUCTION

The colour vision requirements and selection methods for Royal Air Force aircrew, in use today,
The present study examines whether these standards are still relevant to the
operational needs of the Royal Air Force in the 1970's,

~

~

In the case of RAF Strike Command, discussions were held with staff officers responsible for the
various roles, and visits were mace at group headquarters concerned with maritime operations, air defence
The views of the Central Trials and Tdctics Organisation were also obtained.
Operational stations representative of each role were visited, and individual crew members gave their
views on the value of colour cues in their particular role.
and where feasible crews were accompanied on training sorties.
was gsined in the simulator.

COLOUR REQUIREMENTS COMMON TO MOST ROLES

GROUND TO AIR SIGNALS

1.

2.

v

VEREY LIGHIS (ved/green/white/yellow/blue)

ALDIS SIGNALLING LAMP (red/green/white)

SHOKE

a, RAP (brown/white)

b.  ARMY (red/green/white/yellow/blue)
Spoke is used as a marker to indicate targets, dropping zones and friendly units.
FLUORESCENT MATERIALS

&,  Dayglo = Orange

b. Pluorescein = Greeny yellow dye

A7l

It

The pseudo~isochromatic plates provide a simple and rapid method of detecting even minor anomalies
of colour vision and should be retained as the initial examining procedure.

t With present standards the lanternis the best "trade test" for grading colour defectives as fit or
Should standards be lowered it would be necessary to supplement the lantern
with a quantitative test whizh should be related, if possible, to the role envisaged for the candidate.

The investigation was mainly carried out in RAP Strike Command which is involved in most operational
Discussions and visits also took place within Air Support and Training Commands, the Army Air
\ Corps, and with centres responsible for aircrew selection,

Aircraft cockpit assemblies were examined,
Personal expcrience of mock emergencies

Red and green are used in search and rescue, and in the rare event of complete loss of radio contact
with ground control they would be used to indicate whether it is dangerous or safe to land.
colours identify ground units to friendly aircraft.
reds and one green in the same cartridge and can be difficult to see in .right hazy conditions.
laxp subtends, at distance, a very small angle on the retina, and although very bright it can be difficult
to see unless accurately uligned on the aircraft.

Verey lights wmay be fired in combination, i.e. two
The Aldis
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Dayglo is used for dinghy marking in search and rescue operations and by the Army to convey
information to sircraft by varying the geometry of fabric panels.

Fluorescein is used as a marker in sea survival.

LANDING AIDS AND AIR SUPPORT MARKINGS

1.

2.

3.

AIR TO GROUND SIGNALS

1f it is necessary to indicate to a home base that an aircraft is friendly or that contact with the
tower is lost, an Aldis laxp or a red flare may be used.

AIR TO AIR

1.

ANGLE OF DESCENT INDICATORS
a. VISUAL APPROACH SLOPE INDICATOR (VASI)

This is a device consisting of two sets of anglel red and wnite lights separated

on each side of the runway by 50 yards. The lights are very bright and can be seen
up to 8 miles away in clear conditions. During the descent the pilot is on the
correct glide path if both sets of lights look pink, or if the distant set is red

and the near set white. In an emergency painted boards can be used instead of lights.

b.  ANGLE OF APPROACH INDICATOR

This is an older device which is becoming obsolete. It uses the colours yellow, !
green and red. Pilots have reported confusion of the colovrs with other airfield .
lighting.
Al
c.  MIRROR LANDING DEVICES

The Royal Navy uses a2 landing device whereby the pilot, when making a correct descent,
aligns a circle of white Jight "meatball" c=ntrally between two horizontal datum bars
of white light, Later versions of this use a yellow "meatball" and green datum
lighting.

RUNWAY LIGHTING

8. The lights which indicate the lead in path to the runway are red or white.
b. The lights on the edge of the runway are white.
c. The lights on the centre line of modern runways are usually green, whersas older

runways may use white lights. The most moderr array has alternate red and white
lights,

d. The lights on the threshold ang end of the runway ars transversely positioned red or
green.

e. Taxiways on modern airfields have green centre lighting alone ox the combinations of
green and blue, or blue and amber on the taxiway edges.

f. Traffic lights are horizontally positioned red and green lights.

AIRFIELD IDENTIFICATION BEACONS
A flashing red beacon indicates a military airfield.
A flashing green beacon indicates a civil airfield.

A flashing green or white beacon indicates a civil airfield in Europe.

ANTL COLLISION LIGHTS

These are flashing red or strobe white, sometimes reinforced for daytime use with Dayglo panels,
although panels can have the effect of breaking up aircraft profiles.

NAVIGATION LIGHIS

The port side is indicated with a red light; the starboard side is indicated with a green light;
whilst the tail of the aircraft has a white light., These lights are important in that they p
show whether an aircraft is approaching or receding. Many pilots consider that with modern

high performance aircraft it may already be too late to take avoiding action if one is close

enough to have appre iated these cues,

NATIONAL MARKINGS AND FLAGS

In times of emergency ic¢ is desirable that national markings be seen, as the same type of
aircraft or ship may be used by hostile, neutral or friendly countries. In actual
hostilities, due to the range of modern missiles, an aircraft - if not known to be in the area
and friendly - would be attacked on radar or first sighting.




4. AIR TO AIR REFUELLING

The Viztor tanker has Dayglo markings and presents an array of signsl lights to the
recipient. The colours red, amber and green are used and are differently positioned on
the centre and wing pods.

A red light signals that the aircraft is approaching the tanker or must break away.

An amher light shows that the recipient is line astern.

A green light indicates that fuel is flowing and an amber light thst the tanks are full.

The sequence green, amber and back to green conveys the information that 1,000 1bs of fuel
have been given.

Many pilots state that they ignore the colour of the lights, relying instead on their
position.

ALRCRAFT INTERIORS
1.  OOCKPIT LIGHTING

Many lights are used in the cockpit and these can be dividad into three catcgories. Red lights
indicate a hazard demanding immediate attention; amber lights indicate a lesser walfunction which if
left unattended could lead to a major hazard; vwhile blue, green or white lights confirm that a service
is functioning. For example, in one aircraft a red flashing atteation attracting light accompanied
hy & clanging bell in the headsetr indicates a major hazard. On looking te his left, the pilot sees
the calfunction vritten on 2 panel backlit in red. The amber cautionary light panel is on the right
vith the legend of the minor malfunction also backlit. Attention is drawn by an amber flashing
light not accompanied by a c¢langing bell. Emergency levers such as on the ejection seat are painted
with yellow and black bands, and some gauges have coloursd segments painted in red and green.

Airsrev sppear to rely to a degree on the position of lights, rather than the actual colours,
to know what is aniss.

Cockpit lighting in recent aircraft is integral tungsten white, colour temperature corrected
"lunar" white, or red accompanied by flood lighting in white or red. Older aircraft may have ultra
violet and red lighting. One possible hezard noted is that owing to the difficulty in seeing
instruoents, pilots frequently tmio vp red floodlighting to maximum brilliance. This could resvlt
in scme fatigue of the red receptors and dj fficulty with VASI.

2. MAPS

The colouring of maps is of significance in flight planning. In £light the course will be
confirmed by sighting landmarks such as towns, roads, railways, hills, woods, promontories etc.
Spot heights are marked in figutres, lessening the requirements for coloured contouring, while many
other features of colour coding are duplicated by legends, figures or shapes.

Most navigators are able adequately to read maps in red cockpit lighting., This lends support
to the value of cues, other than colour.

3.  ELECTRONICS

Repairs to electronic equipment would not be undertaken in flight. The only servicing
attempted would be winor, such as changing a fuse.

SPECIALISED ROLES
1.  MARITIME

Search is primarily done by electronic devices. Visual sighting is by silhouette recognition which
is seen before colours are appreciated, especially if a vessel is backlit. The sea provides a grey/
green and white environment in northern waters against which ship colouring of grey, white aud dirty ruat
blends well. The red funnel markings of some trawlers, and the green decks of Royal Naval ships are only
appreciated when very close.

High speed vessels provide an obvious white wake, especially when moving at right angles to the
wvhite caps.

The strike role could involve recognition of national flags or markings, but in war an unknown ship
in a potentially hostile area would be attacked long before markings could be seen, probably even before
the silhouette was secen.

Search and rescue; the chromatic element of this is recognition of red and green Verey lights and
the recognition of Fluorescein and Dayglo.

Navigators use Decca, Loran or Consol charte which have lattice lines in blue, red, green, brown
and purple.

2.  AIR DEFENCE

The aircraft is radar controlled to target, and missiles are fired before the target is within
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vieual rzage: In interrvogsticn there is the nesd to recognise profiles by night and day vith coafirma~
tory evidence of zational markings in day tize.

3. 10W LEVEL SIRIKE

Strike ageinst enezy targets would alvays be at low ievel. The aircraft would fly to just outside
enexy radar, and-then descend to opersting hngbc and =ake 2 high speed tppt:lch to target. Collision
avoidance radar is fitted but visual vateh is also kept az s saiegt,ard, and in order to check the low
level navigation by sighting rosds, bridges, railvaya ete. Ia opera:xm opaque screess woudd cover all
vindows a=d no-oze would look outside at all due to danger of flash blindness and retinal bums.

The rmaps preferred are topographical tacticsl churts vhich sre reiatively uacluttered.
4. TRENSFORT AND ARMED FEZCONNAISSANCE

There are no problexs peculiar to this role.
5. CLOSE AIR SUZPORT TO GROUND TROCPS

This role includes the use of fixed ving, rotary ving sad VIOL sircraft. They are radio controifed
or rely on Verey, Smoke, Aldis or Dayglo psnel geometry. They would have the need to recognise milizary
fsrzatiens, vahicles, tanks and terrsic features, It is in this role of close air support that the
grestest ceed exists for goad colour acuity.

Camouflage smarkings are chosen to confuse the normal trichrozst. The colour defective, in this
respect, may therefore be 2t an advantaga.

DISCUSSION

The approach used in this survey was to interview siverew as to the impoztance of colour in their
various zcles, and to suppleun: this vherever possible by personal expenence. It is realised chat this
aprroech has dxudvantases, as it iz difficule for the colour normal to envisage the p-oblens £aced by
the cclour defective. Also, that answers to questions may very eccording to how the questions are
phrased. Nevertheless this was the most practical approach, and & remarkable consistency of views was
obtained from officers of different seniority engaged in widely differing rasks. The initial reaction
of most officers was to regard a high degree of colour acuity as essential, but on analysing this ~lew
nany were surprised at how little they reslly relied cn colour as a paramount cue.

Visuai perception is dependent on a great variety of different visual cues supplemented cobtically
by experience and intelligence. Much of the visual information may be duplicated by different cues, snd
it is this redundency of information that gives an individual confidence im what he seec. If colour
vision standards were lowered one of these cues wounld be removed and therefore the colour defective
weuld be at some disadvantage, however small, with the colour normal.

The incidence of colour defectives in the British male population is approximately eizht per cent
and of these about half could be passed as fit for aircrew duties using the present tost methods. Should
colour entry standards be lowered in order to gain more recruits for aircrew duties, it would be nocessary
t¢ change coloured signal stondards internationally. It may be considered that this is not justified when
che small gain in recruiting is weighed against the expense and the possible decrement in performancr:.

The present test methods of screening with the pseudo-isochromatic charts followed by grading
defectives with the laternae suitable for present standards. If standards were lowered it wcrld be
necessary to assess the defectives' deficiency quantitatively, and if possible relate this to the
nmininuw requirements necessary for the safe and efficient execution of his role,
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APPENDIX 1
TYPES OF COLOUR DEFECTIVE

Some degree of colour anomaly occurs with a rean frequency of spproximately 1 in 12 in the Sritish
xale population.

Colour vision is a function of the cones ad therefore of photopic (day) vision. The rods, which
cannot discrivinate between colours, are regpoasible for scotcple (night) vision. The rods ars maxivally
sensftive to shorter wave Zengths in the blus-green region ef the szectrum, peaking st adouc 550 na.

* They arc relatively inseasitive to longer wavelengtbs at tha red end of the spectrua.

According to the generally accepted Young~Haluzholtz theory of colour vision, thare are three classzs
of cone present miximally at the maculs, in the ratio of 1 : 10 : 106. These cones have sbsorption peaks

E at sbout 440 nz (blue), 540 nm (green), 580 nn (red). A combination of these three primary colours in

the correct proporcions is seen as white light, end by varying the proportions and saturation any other

colour can be matched. According to the work of Walraven, information from the three types of cone iz

analysed into three chaunels. A brightness chanuel which is the sumwacion of brightness information

fron each cone, and two chrematic channels, a Red~Green and a Yellow (red+green)~Blue channel. It

wmight, therefore, be more zccurate to uss the term double dichromats rather tanan normal trichrozats.

Colour defectives are generally sub~divided into three maian groups.

PR

1. MONOCHROMATS: Complete absence of colour sensation.
a. Rod - frequency 1 in 30,000. Associated with poor day visual acuity.
b. Cone - frequency 1 in 100,000,000, Associated with good dey and night visuel acuity.
2, DICHROMATS: Require only tvo primaries zo match all colours.

a. Protanopes: 1 in 100. Lack red cones, therefore suffer a loss of brightness as well as
absence of red sensation. This gives rise to red/greea confusion.

b. Deuteranspes: 1 in 100. Do not possess separate red and green cones but a single coae
p presumably containing both red and green pigments. There is no loss of brightness, but
red/green confusion.

; ¢. Tritanopes: I in 13-65,000. Very rare, lack blue cones. The normal individual is tritanopic
’: . if the field of vision is small enough as tha fovea centralis does not contain blue cones.

3.  ANOMALOUS TRICHROMATS
a. Protanomalous: 1 in 100 Require more red stimulation for a match than normal.
b. Deuterancmalous: 1 in 20 Require more green sticmlation for a match than the normal.

\ ¢. Tritanomalous: Rare, but suggested to be 1 in 4,000, Require more blue stiwmulation for
a patch than the noimal,

As can be seen from the above approxxmte figures, it is only with red green defectives we nced be
concerned.

Az by far the majority of flying personnel are normal trichromats, it is mportan: that any changes
or additions to colour cues mede for the minority should not confuse the majority.

o~




rvv”

AT-A2
APPENDIX II

REQUIREMENT FOR COLOUR ACUITY

It is izmporcant to reject the misleadir3 tem "Colour Siisdness” and instead substitute the more
descriptive phrase "Colour Defective”. A rcteworthy peiut is that even ia the colour normal, one spectral
vavelength does not always elicit the same :clour response. This can be due to the effects of simultaneous
and successive contrast, and with increasing age the deposition of yellow pigment in the lens.

It will alzo be of value to kaow how the various tyjes of colour defective "sece" different colours.
(Se¢ Teble Appendix II).

As will be apprecisted the signal colours of red and green both in 1ights and flsres could be made
wote obviour 2o the protonope snd deuteranope by making, the red wore orange and the green moxe blue.
To make confusion even 1lass likely, further cues could be added such as a bar across a green light, but
not on & red; or in flares by using & 2 star red and a cne star green. (Internetional standardisation
sould be required). The lsttice lines on Dacca, Loran or Conegcl charts could have an added shape
coding.

Should the red signal colour be made mote orange it woul< be necessary to abandon yellow light
signals as these could be confused with the new red standard. It would also be necessary to ensure that
white 1ight was of a high colour temperature, as discrizmination between a dim white light and the new
red signal colour could be difficule.

1£ the green signal colour were msde more blue it would be necessary to increase the power of the,
illuminating source. This would be necessary as the new {ilter would have a greater absorption factor,

and in order to maintsin visibility at its present level power consumption would have to be increased
tuo to three times.

Yellow is not & vital signal colour in avistion, and the power of illuminating scurces can be
increased, but it is considered that the return in recruiting would not justify the internationsl
effort and cost involved.

Naning of Portions of a Continuous Luminous Spectrum by Red and Green Colour Defectives
of Differing Severity

Des‘::;:::on White poTK Red Orange Yellow Yello""  Green biec  Blue  Black
Protanopia dark brown dirty yellow yellow~ grey grey biue black
grey yellow brown
white brown red dark yellow direy grey blue= blue black
yellow yellow green
dark red orange yellow dirty orange grey- blue dark red
red yellow green or blue
Protanomaly dark red orange yellow 1light grey- green blue black
. red green green
white dark dark orange yellow brown- green bluish blue black
brown red ish
yellow
Deuteranopia brown red green yellow orange brown- bluish blue black
white green  green
dark red orange yellow direy green  blue-  blue black
brown yellow green
Deuterancmaly dark red orange yellow orange green- blue greenish black
white red ish blue
brown red green yellow green greenz, blue blue black

ish

This information has been abridged from 'Table 5' page 32 of 'Diagnosis and Genetics of Defective
Colour Vision! by H. Kalmus, First Edition 1965.

v .
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APPENDIX III

COLOUR TEST METHODS

1.  PSEUDO-ISOCHROMATIC CHARTS

The best known of thesé are the Ishihara and H.R.R. plates. The Ishibara plates do not test for
tritan defects but are of great value as a rapid screen for large nusders in eliminating all but minor
degrees of red/green anomaly. In their use, light of the correct colour temperaturs is essential as is
avoidance of oblique lighting which, due to differing degrees of ink gloss, could lead to spurious results.
When inks begin to fade the plates must be replaced.

4 2.  LANTERN TESTS

These are popular as "trade tests” with the armed forces, merchant marine and transport ministries of
many nations, ss they provide a practical test of a man's ability to recognise signal colours at different
‘ distances according to the angle subtended ¢n the macula by the aperture used. The lantern tests are

sinple to use, and most examinees accept the justice of relating this test to their job., The Royal Air
Force is at present engaged in sponsoring the development of a new lantern. This lantern should obviate
the disadvantage of older lanterns in terms of colour temperature, cleanliness of small apertures and
spectral characteristics of the filters.

3.  FARNSWORTH MINSELL 100 HUE TEST

This is a good, if laborious, test which involved grading of unsaturated colour caps in their natural
! order. It can be operated by unskilled people and gives the degree cf colour deficiency in a quantative

form,
y 4.  LOVIBOND COLOUR VISION TESTER
r This is a prototype machine which has not yet been fully evaluated. The candidate is required to
match a central neutral grey light to a peripheral circle of randomised colours containing only one
similar grey. The brightaess of the colours is under the control of the candidate and the degree of
s saturation can be varied continuously by the examiner.

f 5.  ANOMALOSCOPE

This is rhe most scientificaily valuable instrument for colour vision testing, particularly in the
ancwmalous trichromat. [here are many versions but all consist basically in presenting the candidate
with a split field irn which he is required to match a selected colour in one half of the field by a
mixture of two or morc spectrally pure colours in the other half, the mixture used bei..g read quantatively.
Unfortunately it is expensive, bulky and requires skilled operators.

6. ROYAL AIR FORCE TEST METHODS

A candidate is screened with the Ishihara plates. If entizely correct he is graded colour normal and
is passed fit for all roles. Should he fail the Ishihara test he must correctly name the signal colours
red/green/vhite at all sizes of aperture on either the Martin or Giles Archer lantern and he is then
graded colour abnormal but safe for aircrew duties.

3
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DISCUSSION

NOTE: Foliowing the presentation of his paper @Wing Commander Brennan presented a
survey of colour vision testing lanterns and their characteristics, and gave
some information on the new RAF lantern which is curreatly under development,

Il me semble que vous n'avez pas paclé du facteur "temps" dans la
lanterne que vous &tes actuellement en train de mettre au point. Il
me semble que le facteur "temps” intervient d'une fagon importante
et vous permet peut-&tre de sélectionner pour certaines fonctions
des indiviuus que vous repoussariez pour d'autres fonctions. J'ai
été étonné que vous ne retourniez pas ce facteur. Est-~ce-que vous
pouvez expliquer les raisons pour lesquelles vous n'avez pas retenu
une répresentation de temps des feux colorés que vous présenterez
aux sujets?

Thils is perfectly true and the matter is still under experiment. We
have not decided whether to present the colours for, say, 5 seconds or
whetiner to present them for 1 second and switch the lamp off, and then
present the colours for another second and switch it off, and then
present it another three times.

I was happy to see the chromaticity data for the various lantern tests.
I missed them, however, in your preprint. I should like to have them
and I do not know where they are published.,

I can certainly let you have them. No, they have not been published.

I appreciate that in some ways it is always nice to see standardisation,
but how much does it pay off? Are the results which you expect with
the standardized lantern better for personnel selection than those
obtained with a primitive setup? Have you any guarantee?

No, I have no guarantee.

Is there any plan to really correlate your lantern, our lantern, or
any other lantern, with the actual requirements of the job, whatever
the job. This is really the crux of the matter as we now have more
tests than we are able to utilise effectively. This is an aspect that
we are trying to press.

It is not the intention to sdd yet another test. This is an attempt
to improve on a lantern test. We are trying to make it a trade test
with the additional benefit that you can detact anomalous vision.
Both ¢olours, by being fairly wide apart, are equally effective as a
trade test because they fall within the boundaries which have been
set up by the ICAO.

Do you believe that under present day flying conditions it is still
realistic to require a pilot or a tower controller to deduce from the
position of the green and red navigation lights whether a plane is
coming towards or going away from the observer,

Yes, I think it is important and you will appreciate if 2 aircraft are
heading towards each other, without the pilots being able to appreciate
whether their planes are converging or diverging then I think with high
performance aircraft they are very likely to have a collision.
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AIRCREW COLOR VISION REQUIREMENTS

Robert W, Bailey, Colonel, MSC, Cormanding Officer,
U. S. Army Aeromedical Research Laboratory, Fort Rucker, Alabama 36350

SAMARY

Color vision requirements for aircrew are subject to much debate and little operational research.
Previous studies by USMRL have identified a relatively high population of color defective aviators in
Army aviation. A subsequent study revealed no statistical difference in accident rates between a se-
iected population of color defectives and a matched sample of normals. The only significant difference
demonstrated was between serious accidents in which the coler nommals were involved in a greater mumber
of accidents (statistically significant) than color defectives. Operational testing of difficult cases
will also be presented.

We ordinarily consider the male population to have either normal color vision or to be color-blind.
Color-blind is a familiar but misleading description of a visual defect that describes the inability of
certain observers to detect color differences which can be readily distinguished by a normal observer.
Therefore, a more appropriate tem is defective color vision. Numersus studies have established that
' arong the Eurcpean and American male population there are some eight percent of males who possess defec- |
tive color vision. The borderline between normal and the initial stages of defective color vision is
i11 defincd. Generally speaking, a defective observer, or one that has defective color vision, cannot
be cmployed for making visual measurements with a colorimeter because he is unabie to repeat these de-
tailed matches with sufficient accuracy, and because his average readings are subject to wide variations
as compared to their true value as sccn by a normal. The defective color vision subject is also likely
to be handicapped in color work generally since his description of the sample may not equal that given
by a normal person and he will not be able to recognize errors in color quite so readily.

One of the real serious problems in the area of establishing color vision standards is the fact that
investigations of the physiological mechanisms subserving human color vision have always been interdis-
ciplinary in nature, i.e., they have been studied by psychophysicists, physicists, ophthalmologist, phy-
sjologists, anatomists, biochemists, biophysicists and biocengineers. This has no doubt come about be-
cause of the complex technological problems associated witn the human mechanism for transferring one
quanta of light energy to the brain with the resulting perceptual awareness. Thus, color vision is an
unsoived mystery to those of us that should understand it. In talking about color vision to this group,
1 am reminded of the quotation that “the things that we understand least, we explain best to others®. In
' any event most of the vision textbooks and the anatomy textbooks are a mixture of scisntific fact, hypo-
. theses, and the theories of the author that are as conflicting and biased as the opinions of the author

selected as the authority. As a result, it takes rather diverse reading and study to have a reasonably
comprehensive view of the subject. As a result the newcomer to this field has a tendency to grossly un-
derestimate the complexity of this subject and to overestimate the value of his initial contributions.
One thing is certain, there is a t¢tal lack of a nice theory to tidy this whole problem up and present
it in a neatly wrapped package. Th( study of human coler vision involves a very large mumber of dis-
parate problems, that range from the physics and chemistry of the photoreceptive process to subjective
perception.

The generally accepted classification of visual systems in texms of color vision are the normal and
the defective. The normal has a wide range of spectral sensitivity from the shorter wavelengths around
400 nanometers through roughly 750 nanometers. The'nommal subject requires three (3) primary colors to
match this total visual spectrum. Those color deficient or defective observers most nearly representing
the normal are called anomalous trichromats. These trichromats will not accept certain normal color
matches regardless of the variation of the nomal eye that makes these matches, but they are stiil able
to match cvery color in the visual spectrum with three (3) primary colors used by the normal. This is
a most difficult diagnostic task to determine the degree of color anomaly because it is almost impossible
to judge the impairment of color sensibility to chromatic differcaces in accord with the degree with which
the matches of the anomalous trichromat differ from the normal matches. One type of anomalous trichromat
is differentiated by an addational problem, his Iuminosity fimctions vary from other types of anomalous
trichromats and also differ from the normal. The next level or more severe type of color defective is 9
the diclromat. The monochromats are the most severe form of color defectives and are important in studies
of color vision, but they are not important for the purposes of this paper. Monochromatics are considered
too defective in both acuity and other problems to be satisfactory aviators and their identification is
not difficult.

This brings us then to the problem of medically selecting aircrewmembers on the basis of color vi-
sion requirements. Ordinarily, tests for color defects are carried out for a particular purpose. They
may be undertaken as a purely scientific investigation to discover the incidence and nature of the de-
fect, or the tests are given for industrial or military task requirements, i.e., whether or not the indi-
vidual is capable of perfomming certain types of work in which color discrimination is required. This
is the case of aviation. Almost all medical standards specify a certain amount of color discrimination
roquired for flight safety and mission accemplishment. The problem then is how to test whether or not
a potential aircrewman is visually fitted for this type of work. Should we use the classic color tests
used for separating normals and defectives, or should we give him an operational test in which he is
asked to perform operations similar to those he would have to carry out in actual flight. If we select
the latter, then the conditions of this test must accurately measure the requirements encountered in
actual flaght. If we give this second type of test, one which determines his work capability, then we
r must recognize that it does not necessarily indicate whether or not the applicant is color defective,
but only whether or not he can satisfactorily perform certain color discriminations required by in-flight
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cperations. A complete diagnosis of color defective vision calls for the measurement of photopic sensi-
tivity curves, spectral mixture data and wavelength discrimination with the aid of very claborate spectro-
scopic cquipment. One form of test employed to evaluate color vision (almost without exception) consists
of a series of pattems of colored dots in pattems and relations that are designed to exceed the percep-
tual ability of the anomalous observer. Another form of test is the anomaloscope presenting a bipartite
field color mixture requirement to the person being examined. The nature of the defect of this kind of
test is usually indicated by the need of excess red or green in order to match a standard yellow.

Rather than discuss the infinite variables associated with the grading or rank ordering of the color
defective it has been my impression for a long time that our applicants for aviation training do not have
to be color perfect in order to be good pilots and fly safely. It is difficult to maintain the philosophy
that pilot selection be continued according to those color vision tests that have been designed to select
only those that are color perfect. It has long been our impression that few of the navigation, in-flight
operation and airfield control procedures that are encountered in any modern aviation envirorment depend
wpon the color vision skill as they once did in the pre-electronic era. This is not a new concept to be
presented to AGARD; in fact, Bouman and Walraven first made this recommendation in 1954, At the 1965
meeting of AGARD, we presented a paper entitled "Color Vision Deficiencies in Army Aviators” to substan-
tiate this inductive conclusion. Due to the sensitivity of color vision testing methodology, examiners
can and do fail to detect color anomalous observers, and conversely fail to accept normal observers.
Because of these test difficulties, it was our opinion that a large number of Army aviators might in
fact be color anomalous. Qur hypothesis was confirred as a result of the work done for this AGARD paper
vhich revealed that about 4.5 percent of the US Army aviator population is color anomalous. This cem-
pares tc the general male population which is about six (6) percent, the other two (2) percent being
classified as deuteranopic, protanopic, tetartanopic, or monochrematic. This fairly large incidence of
anomalous color vision among Army aviators reinforced cur intefest in the role of this anomally in the
selection, training and flying safety.

Fourteen (14) color defective pilots were randomly selected from this population of known coloer de-
fectives. Detailed analysis by colorimeter identified them as anomalous (miid to moderate) or protanoma-
lous or deuteranomalous type. A matching sample of fourteen (14) pilots was then selected from & pilot
population with normal color vision and matched with respect to age and total flight time. The accident
record for each individual was examined to detemine whether anomalous color vision in US Anmy aviators
could be identified as a significant factor to flight safety. The results of this study are shown in
Table I and Table II,

Table ¥ shows the totals and means for age, flight hours, total accidents, serious accidents, and
minor accidents for the color defectives. Table II shows this same information for the color normais.
The accident data used were provided by the United States Army Board for Aviation Accident Research. Their
classiiication scheme with regard to "'serious" and 'minor" accidents is:

a. Major - those accidents which result in total aircraft loss or cause substantial damage to
major systems.

b. Minor - those accidents or incidents which result in a lesser amount of damage than those
classified major.

Statistical tests including the nonparametric Mann bWhitney U and the parametric t were performed on
the accident data. All tests were one tailed with a confidence level of .90. This level of confidence
was chosen over some higher level in order to provide more power. These tests yielded statistical sig-
nificance between groups for serious accidents but not between groups for total and minor accidents. Thus,
the null hypothesis stating that there was no difference between color defectives and normal was re-
jected only in the case of serious accidents. It can be seen from the tables that in this category color
normals had more accidents than color defectives.

From a statistical as well as a practical viewpoint, the results of this investigation indicate
that mild anomalous trichromats do as well and, it would appear, in some cases better than do color
normals in temms of aircraft accidents. No consideration was given to forced landings and precautiona y
landings due to variables that control these experiences.

The Farnsworth Lantern is a color vision test which presents specially selected pairs of red, green
and white 1light, It was developed for US Navy use by the late Commander Farnsworth in the early 1940's
to minimize the mmber of color defective applicants disqualified for Navy positions for whith color
judgements were a critical operational task. All of the pseudoisochromatic plates used for color vi.ion
testing are designed to pass only normals and to fail all color defectives. Farnsworth designed his
lantern to pass normals and that portion of the defective population which can make cvlor discrimination
adequate to certain Navy task requirements, i.e., mild anomalous trichromats. It is my considered opinion
that the US Navy color vision requirements, for ship, air, and submarine, are not in fact different from
Amy aviation color vision requirements. It is too detailed a subject to review the development of
Farnsworth lantern and its control for handling of the various types and degrees of color defectives.
However, subsequent studies of the findings of the Farnsworth lantern reliability and validity data in-
dicate that it does in fact pass the very mild color vision defectives and in fact fails the more severe
color defectives, In addition to the Farnsworth lantern, however, there has to be one other final type
of test used to determine whether or not an airplane pilot can in fact fly successfully and safely.
Those who fail our isochromatic plate tests and arc marginal on the Farnswrrth Lantern often happen to
be aviaters that have slipped by previous exams and therefore arc students whom we already have inmitaal
training investments or aviators who have been flying for some time prior to detection. In these cases,
we have elected to perform an in-flight evaluation of the aviators color vision.
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These tests consist of in-flight tests to detemine the candidates ability to read flight instru-
ments (i.e., "in the green"), properly identify navigation light colors and direction of flight of
other night traffic, and correctly identify (1m0 errors) a random presentation of smcke grenades and
control tower signal lights at a distance of one mile during VFR conditions.

Table 1
COLOR DEFECTIVES

Age Total Flight Hours Total Accidents Serious Accide 'ts Minor Accidents *FL/PL
45 6220 0 0 0 0
45 4910 2 0 2 0
40 2000 {in 1905) 4 1 0 3
42 2680 0 0 0 ¢
34 4100 7 0 S 2
38 4112 0 0 0 0
36 2460 2 0 2 0
32 3220 3 0 0 3
32 1620 4 0 0 4
39 1320 (in 1967) 0 0 0 0
30 1230 0 0 0 0
29 2949 1 1 0 0
27 2040 0 0 0 0
25 2710 2 1 0 1
Totals: -

485 41562 28 3 9 13
Means:

34.64 2968.71 1.79 .14 .64 .93

*Forced Landings/Precautionary Landings

Table 17
OOLOR NORMALS

Age Total Flight Iours Total Accidents Serious Accidents Minor Accidents *FL/PL
47 6630 1 0 1] 1
49 4930 0 0 0 0
40 1770 1 0 [ 1
42 2610 3 1 2 0
37 4370 3 1 0 2
37 3990 2 0 1 1
35 2440 2 1 0 1
35 3190 2 1 0 1
29 171¢ 3 0 2 1
30 1330 4 2 2 0
31 1400 2 2 0 ]
36 3000 0 0 0 0
3 2100 1 1 0 [}
33 2720 ¢ 0 0 0
Totals:

S12 42190 24 9 7 9
Means:

36.57 3013,57 1.711 .64 .50 .64

*Forced Landings/Precautionary Landings
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Je crols effectivement que le sujet de l'orateur est excellent,

Dans les cas douteux il est certain que seules les preuves en vol

nous apportajent une réponse définitive sur l'aptitude des navigants.
Je voudrais demander & ltorateur combien de fols par an par exemple il
utilise ce procédé? Il est certain que c'est une demande que doivent
faire les médecins de l'état-major pour disposer d'un avion, d'un
équipage et des possibllités dtexamen avec des feux colorés, si elles
ne génent pas certaines infrastructures. Alors, est-ce que la
fréquence est suffisamment grande justement pour motiver une demande
officielle d'utilisation de cet'e méthode dans les cas douteux?

Yes, vwe do have ailrcraft available; in fact my laboratory has three.

We have a JU 1 H helicopter, a single engine fixed wing Beaver, and a
two engine fixed wing C-45, I would say that our tests average probably
no more than four a year, roughly one every three months.

We use the AOC and the Dvorine plates because of a supply rather than

a scientific problem. They both have the same stock number and when

we order cne what we receive depends on what was on the shelf., I agree
with you that the Farnsworth lantern is probably better than our CTT;

it is simpler, and it does not have all the potential anomalies found
with the Vernon. However, it would be very expensive to change lanterns
in all our Flight Surgeons' offices throughout the world to this lantern
which, I think, is rather overpriced. That is why we have not made a
change at this point, I think we have some advantages with the CTT and
it does give the degree of anomaly if you take the necessary time.

The Farnsworth lantern costs about 670 doliars per copy and it has just
a simple light bulb in the middle. I cannot understand why it is such
a terribly expensive device.

Do you think it might be possible that a simple and a less expensive
lantern could be developed. It could perhaps be modelled after the
Farnsworth lantern and include the aspects that we have heard in some
of the other papers at this meeting. We could than look to this as a
standard among the various services for a final test?

My answer is yes; I believe it could and I do not think we could ever
get a simpler device than the Parnsworth lantern which is of a simple
design and has the instructions written on the side; it is almost
foolproof but it is not diagrostic. It could perhaps be married with
yours so that it became of more diagnostic value, It might be worth
investigating so that we could see if we could develop for less than,
say $100, a lantern that was equally effective.

Have you examined the 4.5% abnormal trichromates whom you mentioned in
your paper, on the anomaloscope? If so, how did they behave in respect
to abnormally increased colour contrast and variations of the adjust-
ment range?

Yes, we examined all of them prior to tristimulus colorimetric
evaluation for colour mixture.

The use of the Nagel anomaloscope was as follows:

1. Pure red was presented in 1/2 the visual field and the subject
requested to match it in colour and brightness.

2. Pure green was presented in the same manner. Brightness and
colour naming were used foe diagnosis.

3. The match, if achieved in 1 or 2 above, establishes dichromacy.
If a match Zs not made then a match of red with green against the
yellow 1s made to establish the diagnosis of the type of anomaly,
e.g. protanomalous, deuteranomalous. The range of red-green
match was revised, but only for difficult diagnostic cases. 1In
these cases large ranges of red-green were considered anomalous,
e.g. & range of greater than 10 R/G units. Subjects were
considered anomalous trichromates unless tri-stimulus colorimetric
data luminosity curve data proved them to be normal. I do hot
recall any subjects presenting with abnormal colour vision who
were reclassified as normal by subsequent colorimetric evaluation.
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PRED{CTING VISUAL PERFORMANCE IN AVIATORS
(COLGR VISICH)

BUDD APPLETON, MD

COL, U.5. ARMY

WALTER REED ARMY MEDICAL CEHTER
WASHINGTON, DC 20012

Before discussing the role of color vision tests as predictive indicators of flying task performance we
should review briefly the whole concept of physical standards in the selection of personnel,

After assuring ourselves that their histories do not reveal any 11lness which might leave residual dis-
ability or recur again, we examine all our applicants very thorougnly, noting their height, weight, body
bufld, cardio-respiratory status and other indicators of their general physical condition, We then require
that they perform certain tasks involving sensory acuity of various types, and we even make a superficial
attempt to estimate the level of their intelligence and conformity to what we think of as psychological
nomms, When selecting personnel for certain types of occupations we go even farther and conduct examina-
tions which measure muscular strength and physical coordination., We then designate certain minimum
acceptable scores on all these measurements and call them “physical standards".

Our assumption is that, all other things being equal, the aggregate scores which candidates achieve on
these examinations are a reliable predictive correlate of their abiiity to perform the job for which they
are being considered. For instance, we assume that an individual who has a minimum retinal perceptible
separation of one minute {1') of arc (20/20 or 6/6 visual acuity) can "see better" than one who has a
minimim separable angle of two minutes (2') or arc (20/40 or 6/12 visual acuity) and will therefore in
the sockpit of an aircraft perform better those visual tasks involved in flying.

Cur next step in logic is to assume that if we have more applicants than we have jobs, then we can maximize
the 1fkeiihood of competent perfurmance by applying our physical standards in such a way that a reasonable
number of applicants will be designated "acceptable”, while the rest will be rejected, This is a very
rational hypothesis, and while we have never tested it in a properly controlled experimental fashion, it
{is an accepted and time-honored method of personnel selection. When the demand for personnel has been
urgent it has been a simple thing to lower the standards, and then raise them again when the emergency

has passed. It has been a workable, practical, fle ible system; and there are no immediate plans to re-
place or abandon it.

The system ftself is not without its inherent faults, however, For instance, when we come to the subject
of aviation physical standards for color-vision, we find that there is not universal agreement, even
among color-visicn experts, as to what is the best color-vision test; and we even have some difficulty in
agreeing on what is a good one.

For example, our Air Force uses primarily the 15-plate (including 1 demonstration plate) pseudo-
isochromatic plates, but candidates who fail are further tested on the Color Threshhold Tester (CTT),
and if they achieve a score of 50 correct out of 64 tries they are considered as havin? adequate color
visfon. Our Navy, on the other hand, wili allow a passing score on any of the available sets of pseudo-
isochromatic plates; and ff all of these are failed, a passing score on the Farnsworth Lantern (FALANT)
test will pass the candidate. We in the Army have required that for Class I standards the candidate must
pass one of the sets of pseudo-isochromatic tests, but for Class II the Farnsworth Lantern or Color
Threshhold Test will also suffice,

Other tests which have been proposed for general use, and which are sometimes used when available, are the
Ishihara Color plates, the Dvorine Color plates, the colored-yarn test, the Farnsworth 15-hue test, the
Farnswortin 100-hue test, and the anomaloscope. However, we have no physical standards for their results;
so their results contribute 1ittle in any one case. The performance score of an individual on any one of
these tests may not be consistent with his score on others, either bacause of the nature of his color-
sense defect, because of the complexity of the psychophysical tasks involved in tne particular test, or
because the tests may not be measuring the same thing in all cases. Thus we have a situation in which
some individuals will pass any such test, some indfviduals will fail all such tests, and a few individuais

who will pass one or more but fail the rest,

Here is another potential fault which we must accept. I mentioned before that in selecting personnel on
the basis of physical standards we assume that "all other things are equal". This category of “all other
things" includes motivation, mental stability, specific aptitudes and the numerous other factors which we
know influence job performance but which we do not have the time or ability to measure accurately or
easily in large populations. When dealing with a population the size of the military-eligible segment of
a country of 200,000,000 people, this is an assumption we feel safe in making. Although there may be a
certain amount of wasted effort involved in waiting until later to eliminate those whose actual perfor-
mance we find to be unacceptable, either during their training or even after they are trained, we believe
that much more effort would be wasted in applying standards based on attempts to measure these factors
(motivatfon, mental aptitude, etc.), since such measurements would be extremely time-consuming,relatively
inaccurate, and not very easily adaptable to numerical scoring.

It is apparent, then, that if we use a single test for initial applicants, per.onnel in whom we have in-
vested relatively little in the form of education and training; then having a single, relatively rigid
standard is a simple and quick way to help get on with the selection of personnel whom we will subsequently
educate and train. But there are some individuals who are already trafned in aviation, and still other
individuals who are already trained in one area but whose value will be further enhanced by training them
in aviation as well; and to apply a single criterion for color-vision to these people, especially since
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we admit that there is probably no single good criterion to apply, may not be appropriate, Therefore,
when personnel in these categories do not achieve passing scores on our routine color-vision tests, our
approach to them has not been quite so dogmatic or rigid. We have taken the approach that as long as
this group is small enough we can spend the time it requires to apply to them an appropriate experimental
model of color-vision tasks in flying, observe their performance of these experimental tasks well enough
to score them in a meaningful fashion; and even further, make an intelligent recommendation about thefr
future training or use based on this sccre., We believe we can make a good experimental model of the
color-visfcn tasks involved in flying, Accordingly, we have designed as part of our Aeromedical In-
flight Evaluation Program, a battery of color-vision tests which consists of the following:

1. Identify the color of signal-lights (Aldis Lantern, or "Biscuit Gun,") directed at the aircraft from
the tower, using the colors red, white and green, This test is performed under both day and night flying
conditions, including a sunrise or sunset condition with the rays of the sun providing significant inter-
ference at certain angles.

2. Identify the color of smuke from signal grenades thrown on the ground, using the colors red, white,
gggeg, yellow, red, and violet, with the candidate flying his aircraft at an altitude of approximately
eet,

3. Identify color-coded lights on run-ways {white), taxi-ways (blue) approach ends (green), and de-
parture ends (red).

4, Identify the colors of the beacons at airfields for fixed-wing (green/white) and rotary wing (white/
white) aircraft,

5. Identify the colors of'lights on other aircraft as to right wing-tip (red), left wirg-tip (green), and
tail (white{; so as to be able to deduce their direction of flight.

The performance of the candidate on these tests is scored against the performance of personnel whose color-
vision is presumed to be normal, If they perform in a normal fashion, regardless of their scores on the
conventional color-vision tests, they are allowed to fly unrestricted, If their color-vision is abnormal
by these criteria, then they are restricted to flying with a co-pi st whose color-vision is normal or not
allowed to fly at all, depending on the military requirement for them to fly in the first place.

Our recorded experience with this battery of tests as part of an aeromedical in-flight evaluation goes
back only about three years. Before that time we did not officially recognize exceptions to failures of
the clinical tests and extended no waivers of flying restrictions based upon such failures. Since then,
however, we have had occasion to require performance of the compiete battery on 12 aviators. Our
experierce is recorded chrcnolegically below:

Pt(candidate) Date of Evaluation  Clinical test scores Performance  Disposition

1. DBL(ILT) Jan 69 14 AOC-pass 4/14(f) Smoke-100% Haiver
IT-pass 54/64(p) Lights-100%
Yarn-43/43(p)
2. HLG(CW/2) Jun 69 14 AOC-"fail¥ Smoke-100% Haiver
FALANT-"faf]" Lights-100%
CiT-"fafl"
3. RAB(CPT) Sep 69 14 AOC-pass 8/14(f) Smoke-100% Waiver
CTT-45/64(f) Lights-100%
4, GRA(CPT) Sep 69 14 AOC-pass 10/14(f)  Smoke-missed No Waiver
green Disqualified
Liahts-missed
green
5. SMB(CW/2) Jun 70 14 A0C-pass 8/14(f) Lights~-100% Waiver
Dvorine-pass 9/14(f)  Smoke-100%
6. JKM(CPT) Nov 70 14 Auvi-pass 8/14(f) Smoke-100% Haiver
FALART pass 7/9(f) Lights-100%
CTT-48/64(f)
7. BJIF(CW/4) Jan 71 14 AOC-pass 3/14(f) Sroke-100% Waiver

Dvorine-pass 9/14(f)  Lights-100%
CTY-pass 47/64(f)

8. HLM(CPT) Mar 71 14 AOC-pass 5/14(f) Smoke-100% Haiver
FALANT-pass 6/9(f) Lights-100%

9. JDP{CPT) Mar N 14 AOC-pass 7/14(f) Smoke~100% Waijver
Lights-100%

10. TWT(CH/2) Jul 71 14 AOC-pass 8/14(f) Smoke-100% Waiver

FALANT-pass 5/9(f) Lights-100%
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11, WIL{CPT) Jul 71 14 AOC-pass 8/14(f} Smoke-100% Waiver
FALANT-"fail® Lights-100%

12. JCH(MAJ) et 71 14 AOC-pass 9/14(fF) Smoke-~100% Waiver
FALANT-"pass" Lights-100%

In so small a group it 1s most difficult to determine, based on accident rates, whether the performence
of flying duties has been in any way degraded by any existing defects in color-vision, Certainly we

do not have enough retrospective information to even obtain a hint of the answer to that question; and

a prospective study to obtain that information, at least within any reliable statistical Vimits, will
probably take several decades to carry out. Of course, we do keep records on these personnel, hoping to
detect even the slightest difference in accident rates between them and their peers; but meamwhile we
believe we have taken, on the basis of logic and rationale alone, the best approach to selecting those
individuals whose color-vision will allow them to perform flying tasks involving color-dependent decisions
and restricting or eliminating those who truly are defective from a practical point of view.
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Really what you said is that your "real world" tests are more

lenient thar the laboratory tests because you reversed 1 out of 12.

I think that what you need is a test in the clinical laboratory that
you can equate to real life thus bringing the "real world" intoc the
laboratory without the need to go flying to obtain it. We have a
colour threshold tester and I am going to look into it more closely
because this aspect had been thought of in its design. However we
have left it gathering dust for so long that I do not think we are
utilizing it to the best possible advantage. This device has a
capability of presenting "real world"” situations by the use of

various gradings. It uses an aviation signal light type of filtration,
as does the Farnsworth, but it is not as critical. However, the major
problem is how to equate the "real world" and the laboratory; just how
low or high high on a scale must people go so as to equate with the
“real world". The "real world" would, for example, be the "biscuit
gun”, am I correct?

The factors would include, among others, the'biscuit gqun'y runway
lights, the effects of fog and smoke.

Therefore you would have to equate the entire set of factors to
something more simple in the laboratory.

Aing Commander Brennan has already referred to this, particularly
when he talked about the quality of the colour, and the standards to
which lights are going to confirm o~ the ground; we need to make our
tests conform to those numbers in quallty, saturation, wave lengths
and the other ICAO requirements. This gives us something to aim for.
If the colour threshold tester meets those criteria and matches the
ICAO-standards closely enough the next problem is how readily
available and how costly will the colour threshold tester be? The
best tests, if one is going to say that the plates are not the best
tests as many have said here today, are also the most expensive tests,
and we must determine in which way we are to go. This question is
still not resolved.

Je suls étonné que, jusqu'd maintenant, nous parlions toujours de la
vision des couleurs sous des conditions normales. Or, un navigant ne
se trouve jamais sous des conditiors normales. Il est fatigué, i1 a
été soumis & une anoxémie relative, il est soumis en permanence 3 la
vibration, il est soumis 3 des bruits, & des sons et 3 des infra-sons.
Or, la vision chromatique chez un sujet normal est perturbée par tous
ces facteurs dtagression extérieure en navigant et nous savons égale-~
ment que tout sujet, porteur d'une anomalie du sens chromatique, va
connaftre une décroissance de la sensibilité chromatique encore plus
important qu'un sujet normal.

Je voudrals demander au Colonel Balley et au Colonel Appleton, si les
tests qu'ils proposent en vol, sont des test pour lesquels ils
previennent, si vous voulez, les sujets qui devront y écre soumis,
est-ce que ces sujets savent qu'ils ont tel jour, telle heure, tel
test & falre, est-ce gqu'on les met vraiment dans les plus mauvaises
conditions o& i1s risquent un jour de se trouver. 35i vous répondez
favorabl “ment: dans les plus mauvaises conditions, je pense, qu'alors
on continuera de les laisser voler. Mais dans dtautres cas je ne vois
pas pourquoi on continuerait de les laisser voler.

That is a very good question and I like to share the answer with
Colonel Balley. I would say that this ralscs other questions. 1Is our
test stressful enougn and if not, are we creating an adequate labora-
tory model or an experimental mod.l of stress. What is the general
stress surrounding our tests? I think they are fairly stressful.
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In the rirst place our subjects were never told that they were going
tn get a flight test. They were merely told to report to the labora-
tory and then they were taken straight out to the alrcraft which was
soon airborne. The only requirement is that the test is given in day-
time because the davtime requirements for identificat  on are much more
severe than they are at night, because of contrast. All that we
required were the weather minima to get up and get down. The flight
plan was visual and as long as VFR conditions prevail, we go. Some~
times the flight is rough, sometimes nice, sometimes in the morning,
sometimes in the afternoon, without any prearrangement. It may oe
done, for example, when the subject has already flown 8, 12, or 2 hours,
or possibly has been on leave for 2 weeks.

The other point that I would like to make is that I think the
Parnsworth lantern, because of its design, represents an ideal test
because what we are looking at is a real test of the visual mechanisn
in relation tc its operational rol:, rather than a test that has IZAC
red or some other colour. So long as it does the job of identification
of the visual system function I am not perturbed about the brand of

the filters. The important thing is the end result which is, I
believe, well established with the Farnsworth lantern and also w'th

the Air Force lantern.

A point that has just come back to me is that Professor Chevaleraud
stated that a stress in the aviator aggravates his colour deficiency.

if he has one. I would like to ask if this is true or whether a

colour deficiency is just as deficient in an unstressed as in a stressed
individual, Wiil stress aggravate the decrement in his parformance
which 15 caused by a colour deficiency? I do not know of any data to
support the contention that a colour deficient individual has an anomaly
which is aggravated by stress.

Je pense effectivement que certains "stress" peuvent intervenir pour
diminuer la capacité chromatique des aviateurs et notamment les bruits.
Avec le Médecin Général Grognot nous avons put démontrer que ltaudition,
pendant S5 minutes, d'un bruit de 105 A 110 décibels, entrafnait un
rétrécissement du champ visuel pour le rouge, une diminution de la
rapidité de la perception du relief avec de plus une réduction de la
capacité visuelle nocturne.

I would just like to say that apparently we have been doing this
testing correctly because we do not have an aircraft in the US Army
that has a noise level of less than 110 dB.

I would like to make the point to Colonel Bailey that we chose ICAO
regulations because these are the standards to which all aviation
signal lights must conform. It is thus not a matter of a particular
manufacturer's glass., All aviation signal lights throughout the world
must conform to these requlations if civil alrcraft are to use the
airfields. I would like to know now many centres you have in tiie
United States for testing alrcrews? I appreciate the cost aspect or
the Farnsworth lantern hut your testing could be done in major centres.
It would also be more reliable to have an ophtalmologist performing the
testing rather than a technician.

We do not have centres for lnitial entry into the system, iastecd there
are many points of entry. Candidates eventually get their t: aining at
either one of two centres, but by that time there 13 a considerable
investment in them. What we need is a tes which 1s inexpensive,

readily available, easy to apply co 'rectly ard hard to apply incorrectly.
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BELICOPIZR PLYIRG AND COLOUR VISION
Yy ¥aj I C Pecry RAMC

Dept of Aviaticn Hedicine HQ Army Aviation
Xiddle ¥ellop, Hants

SpouRY
Colcur vision and flying have aisays given rise ¢o soze problea ereas,
2specislly whare soze indiviiuale are colour defective. Whan these
problecs are exncountered in low levsl helicopter flying, under poor
light and in fsaturelass terrain difiiculties arise where colours have
to be used for Inforzation presentation and to isolatz coctain iteas
of inforzation. Instruzant lighting, zap colours axd markings can
all tecomo probles arsas when ths-oporators cclour vision £s abnormal.
Differences are found in cathods of colour vision testing. The use
of coloured szokes sgainaf vaxr-ing backgrounds can lead to nistakes,
as can wiring disgrazs and wire carkings. Research is necessary in
this opsrational envircn=ent fo enable cclour adnorzalz to work
safelwx.

Thia paper ves requested to be given at this particulaer nesting,
as onc vhich zight te of interest and value.

It is very difficult to 100% black and whito about a subject on
which 11ttle is really known froa an operaticansl peint of viex. The
comzents msde in the paper can be interpreted across the whole field
of flying, aithough deing discussed prizarily for thr helicopter user.

The illustration of such a paper is very difficult, because it
cannot be known if all the audience are colour normals, If as
eugvected this is not tho case, then the prodbleza ocutlined may be
better understoad bty the colour abnorsals. A colour normal ies
understood as one who can read without mistake all of the ISHIHARA
plates. How can a colour norcal fully understand and appreciate the
probleas of the colour abnorzal? Illustrations cmads by using colour
filtors do not really heip. The technical problezs involved in
producing pictures xith various colcurs toned down, removed, or tinted
out are very difficult.

froa 2 descriptive point of view, the use of cclour wmust be
limited, for not all colours ave appear the saze tc all people. Onty
the most basic colours should be used, all shades of reds and greens,
ghould be avoided. The colour range of the heliconier user must
involve all colours with more emphesis on the red/bromn/green part of
that range in a terrain operation. This is just the colour arca where
the majority of defectives are found. The woods, mountains and
plainlards of N. Europe have all gshades of these particular colours.
Why must the helicopter pl/lnt be able to distinguish colour in this
tyoe of terrain? To direct miseile or gun fire, relaying terrain
description back to bage did in the airborne comsand post role.

If there are no proainent objects to relate to, then the observer
eay be forced to use colour. Colour dees, however, change, both with
light intensity and saturation. Mist and other smokes can affect such
factors. Shadows can produce & nerked colour difference, and soueone
with a colour defact could wrongly describe objects or even miss targets
undex these conditions. Under shadow conditions, colours can be
nigtaken for shadows and this can be illustrated.
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The problea iz made genstally worse under low light conditions
for all users. The heliccpler pilot cannot have a cockpit bathad in
white 1ignt. Apart from making him & good target, he cannot use thia
night visfon for outaide referencs, landing, night dascription for
goound troops etc. KHe must then uss red light. This hag been argued
absut for a long time. Under red light conaitions, maps vaing red,
to zark dnger areas, rcade, bounderies etc can bacome confusing.
Instruzesta can be pisresd if they are not deyignsd with the correct
coloured illuninent, for ths esaze reasons. Much work needs to be
done in this field, for sozecns with a colour vision defect may
cozpound existing problezs. This epplies to colour normals as well,
in operational arecas not well known to the pilot.

If colour is tho main sourca of information to tho pilot, what
is he to do. Smoke markera in featureleszs terrain mmst be very colour
contresting, orange agsinst green stc. It can easily be illustrated,
that what is initially a contrasting yellow smoke sgainst & brown
background, very soon, in a metter of 5 to 10 seconds, mixes and blends
with the background. When smoke is used in snow conditions as a marker
and for wird direction the colour may not bs of any relevance, but for
landing ‘sites of the colour rangs alrcady mentioned, the smoke must be
vexry different when vieved agninst fts background even after 10-30
seconds., Dessturation by other smckes, dust and mist must also be
considered.

Canmcuflage must work for everyone, end colours are of interest in
this field of use and can present problems. The use of mixed colours
and broken lines avoids some of the problems. A colovr defective person
zay be very useful in soze conditions detecting camouflaged vehicles
where colour is the zmain festure, ospecially when it does not match
completely, the background for which it was intended.

Some clinicians know a great deal about colour defectives, btut
this is not ths case in the low level tactical military situation,
where 1ittle is kmowm and underatood of the probleme of these peoplae.

A few cases nay be of interest. There are probably quite a few
pilots who get through the screening processes, by knowing thaeir problez
and being able to get round it. They are however at risk in certain
environments when the full colour range is required. One such pilot who
sonehow got through the screening system, was found out because he could
not see the red lines on maps, especlally under poor light conditions,
This is of courge dangerous, especially on & moving map display where
the pilot may be unfamiliar with the crea into which he is flying.
Roads, danger areas and boundaries may be marked as red lines.

Chinagraph markings on maps and ovarlays muy also be missed. A
waxy colour pen on a plastic shiny surface can be difficult erough to
8e0 norma.ly, so it can be understood how e colour abrorzal aight
=iag it altogether. This is reclevant in the air xhen uwaps are being
marked with positions etc as an updating procsss, as the situation
oves along in time.

The outside reference problem is not sc difficvit if the objects
to be referred to stand out against the background, Providing this
fao’or is always remexbered, then the problem is not so serious.
this applies to aircraft markings ground panels, danger points, "do
not touch" and "avoid" markers. It is not always the colour that
natters, but the contrast with the background, its relevant aize and
above 8ll aircrew education. This applies to letters, figures and
all manner of markings and colours should be avoided where possible.
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Groundcrew are as important as aircrew in this respect. In s
relatively sxall operating force, the outstanding cases are rezembered.
4 helicoptar engineer was on & long onginsering courss. He had to
date been primarily concerned with airframes and engines, but the
course required him to learn electronics. He was referred as he was
unadble to read "Wiring flow diagrams in servicing schedulss". These
were in colours, a variety of pastel shadea. He also was fourd to
have difficulty in sorting out the real wires in wiring compartzents,
due to their colour markings. On examination he was fiund to have a
severs degree of ted/green celour blindness, and he had to leave the
Service. Within a month an identical case was presented with the
same result.

In conclusion here axe sozo- suggested.solutions.

Coloura should be avoided in dencribing terrain, but one must
remexber that this can be very difficult under poor light in
featureless areas. Markers, indicators, lights etc., should always
be used sgainst vividly contrasting backgrounds and the users
properly educated. Maps and their markings should be studied with
a view to preventing colour mistakes vceurring. Diagrans of wiring,
the wires themsslves, servicing schedules and all manner of charta
and diagrams should be studied to ensure that people with ocolour
vigion problems will not make mistakes using thea.

1t zust be further concluded from these few exazples, there are
nany more, that where colour is used to nighlight certain areas of
inforzation presentation, anmd in some cases isolate that information,
only colour norzals should be selected for those tasks.

If this is to be the case, then in order to select these colour
normals, a sore relisble test mathod is raquired, for many get

selected wrongly now, due to poor application of the existing test
methxds.

Referencess
1. NATO (AGARD) Nomenclature of Colour. I.C. PEHRY 1972
2. NATO (AGARD) Conferencs Proceedings. No. 26.  OCT 1967

p e |



W’ — e

A10-4

KURSCHENER

PERRY

DISCUSSION

I have two questions:

1)  You mentioned a pilot who could not recognize the lines on his
map. With what colour disturbance was he afflicted?

2) What was the colour deficlency of the helicopter mechanic who
could not read the connection diagram?

1) He had an element of red/colour blindness.
2) He was almost totally green blind.

I would like to emphasize a point in dealing with terralin description
which is that a pilot reporting to ground should avoid, if possibile,
using colour descriptions unless we can find the hypothetical colour
vision analyser which will ensure that all personnel have the same
quality of colour vision and thus identify all colours in the same way.
It is not, however, practicable to go to black and white, solely, as
there are cituations in which nothing else but colours can be used.
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COLOR VISION REQUIREMENTS FOR AIR CREW PERSONNEL
OF THE FUTURE*

Walter P, Grether, PhD
Aercspace Medical Research Laboratory
Aerospace Medica} Division
Alr Force Systems Command
Wright~Patterson AFB, Ohio, 45433, USA

-

Color has unique value as a means of coding visually presented
Information. This has been shown by experimental evaluations of
altemate coding methods, such as pattern, size, intensity and flash
rate. A reduction in color visfon selection standards for flight per~
sonnel, such as the pilot, would require the replacement of color
with other and potentially less efficient visual coding methods. Such
a change would restrict the visual display choices availadble to the
destgners of future information presentation equipment, both airborne
and ground. An examination of past trends and current equipment de~
velopment indicates that the use of color for ceding information used
by flight personnel will probably be increasing rather than decreasing
In the future.

INTRODUCTION

Since the early days of aviation, normal, or near normal, color vision has been a requirement for pilots
and some other crew members. Similarly it has been customary to require railroad engineers and certain mari-
time personnel to be able to pass some type of color vision test. Although color vision Is useful for general
visual activities, such as finding military targets, its primary value fs for reception of color-coded information.
Other papers on this program will, I assume, discuss the types of information transmitted to the pilot by
means of color coding. My purpose In this paper is to show that color has unique value for such coding of
important information, and that other possible coding methods are much less satisfactory. Also, the poven-
tial uses of color~coded information displayed to air crew members appear to be Increasing. If the current
requirements for air crew color vision were deleted, or substantially reduced, there would need to be a con~
current program to replace current color coded information displays with other less satisfactory display methods.
Also, designers of future aviation information display systems would be denied the use of an important sen~
sory channel that is optimum for many display purposes.

EVALUATION OF COLOR FOR CODING OF INFORMATION

Visually presented information can be coded in a variety of ways not involving the use of color. Alter~
nate methods most commonly used in aviation are numerals and letters (alphanumerics), geometric or pictor=
1al shapes, and flash patterns. A comparison among these and still other coding methods for display of
information was made by Grether and Baker (1}. Their overall comparison of different coding methods is sum~
marized in Table 1. Thereis goodreason why color is placed at the top of the list in this toble. For coding
of qualitative information into a limited number of categories, color ‘s superior to any other available method
of presentation.

The unique value of color for coding results from several properties:

(1) Up to 10 different colors (code steps, in Table 1) can be identified on an absolute basis, The num~
ber is much lower for other visual parameters, such as area, length, or brigptness.

(2) Identification of the code Is faster for colors than for other competitive coding methods. Coding by
flash sequence or rate is very slow by comparison, since some time must elapse for transmission of the code.

{3) Unlike all other means except intensity and flash sequence or rate, colors can be presented as point
sources, thus occupying minimal display space.,

(4) The physical means of producing color are often much simpler than for other coding methods.

*The research reported In this paper was conducted by personnel of the Aercspace Medical Research Labor-
atory, Aerospace Medical Division, Alr Force Systems Command, Wright-Patterson Air Force Base, Ohlo.
This paper has been identified by Aerospace Medical Research Laboratory as AMRL-TR-71~116. Further
reproduction is authorized to satisfy needs of the U. S. Government.
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COMPARISON OF COLOR AND SHAPE CODING

From the comparison of different visual coding methods it appears that for general purposes, there is only
one other vizual parameter which compares at all favorably with color. This is visual pattern in the form of
numerals or letters, geometric psttems, or pictorfal shapes. Such pattern codes are widely used, and for
some purposes have advantages over color, as shown in Table 1. If the number of categories is very large,
or if quantitative mformation must be transmitted, numerals and letters, and pictorfal shapes are superior.

On the other hand, for coding of qualitative information into 10 or less categories, color coding is clear-
1y superior, and this has been amply demonstrated in experimental studies by Ericksen (2), Green and Ander-
son {3), Hitt (4), Christner and Ray (5), Smith et al. (6,7,8,9) and Brooks (10). Some samples of the experi~
mental data will indicate the degree of superiority of color over pattern coding. The first sample is from a
study by Smith (6) in which subjects were required to search a field contasining three-digit numbers, appear-
ing In five different colors (red, green, blue, orange and white). The subject's task was to search for a
specific number. Fig. 1 shows the time taken to find the target number when the color was known by the
subject, ard when it was unknown. For this task the use of color to code the targets into five categories
greatly reduced the required search time. When the target color was known the subjects searched through
the 100 targets In about the time otherwise required for 20 targsts. It appears that the subjects were able
to ignore all other colors, ang searched only the 20 targets of the same color.

In a study by Smith and Thomas (7), the targets consisted of different shapes. There were five geometric
forms, five military symbols, or five alrcraft shapes. These were presented in five different colors - green,
blue, white, red and yellow. Each test array consisted of 20, 60, or 100 such shapes. On some trials the
subject's task was to count the number of targets of a certain shape in the total array. On other trials he
counted the number of targets of a specified color. Fig. 2 shows the average time required to count the tar-
gets classified in different ways. Counting targets of a certain color was much faster than counting targets
of a certain shape. Fig. 3 shows data from the same study for the percent of trials on which counting errors
were made, and these were much lower for the count based on color by comparison with the three shape
classes.,

Aside from the experimental evidence that color coding gives faster and more accurate responses, pat-
tern or shape coding is unsuitable for many applications because of surface area required for a pattern to be
identiffable. One of the common uses of color is for long distance signalling. Navigation lights on aircraft
and ships are examples’of such use of color. Here the colored light {s little more than a point source as
seen by the observer, To accomplish the same signalling purpose by use of patterns would require pro~
hibitively large displays.

FUTURE REQUIREMENTS FOR COLOR CODING

Looking to the future, there are indications that requirements for color coding of information used by air
crew members will increase rather than decline. Over the past two decades there has been a general increase
in the total amount of visual information provided to the pilot and other air crew members. Along with this
has been Increased use of color coding on cockpit displays, to aid the user in separating out the desired
information. During the same perfod new ground lighting systems have come into use for providing runway
approach and landing guidance. Some of these ground systems uc2 color-coded lights.

It s quite likely that these trends toward increasing use of color will continue, particularly when we con~
sider some of the newer display techniques that will probably be found in future cockpits. One such tech-
nique is clectroluminescent lighting, which consists of flat plates that become luminous when activated
electrically. The luminance level is proportional to the electrical voltage. A wide choice of colors is pos=
sible. the color being controlled in the original manufacture of the plate. It is not possible to control the
color of tt e electroluminescent plate by means of the electrical signals fed to it. However, a plate can be
divided int> small areas, each of a differeat color. The choice of color then can be made electrically by
choosing the area that is to be activated.

Electroluninescent lighting has many desirable characteristics for lighting instruments, control panels,
warning pane.s, and other cockpit display systems. Miich of its value comes from the variety of colors that
can be presen.ed to convey different types of coded information., Electroluminescent lighting was used in
the crew compartments of the Apollo space vehicles, and will surely be used in crew stations of most future
military aircraft.

Another displiy technique that appears to be destined for increasing use is what is usually referred to
as a "heads-up display.” This display is a further developnient of the well known reflecting gun sight which
projects a reticle ¢énd aim point onto the windshield or other transparent surface in the pilot's forward line
of sight. The mark ngs on this display aic focussed at infinity, and appear superimposed over the sky or
terrain seen through the windshield. Commonly presented on a heads-up display are aircraft attitude, aii-
speed and other fliglt data useful to a pilot while he is looking outside, as in an approach to a landing.
In such a display it 13 most helpful to have markings appear in different colors to identify their meaning to
the ptlot,

o
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Still another class of colored displays that may be found in future cockpits are multicolored cathode ray
tubes. These could be color television tubes, storage tubes, or other types of tubes capabie of presenting

& varlety of colors. On such displays color would be quite useful for identifying different classes of infor~
matfon for the observer.

SUMMARY AND CONCLUSIONS

Color vision is an important sensory channel through which pilots and other air crew members recetve
visually presented information. Principally, this is qualitative information coded into a small number of
categories. For presenting this type of informatfon color coding has unique value., There are no other
visual coding dimensions, such as pattem or flash rate, which can match coler coding In terms of speed
and accuracy of responce, number of {dentifiable categories, simplicity, and compactness of the display.
A reduction or elimination of color visfon selection standards would require that many current color-coded
displays be replaced, using less efficlent coding techniques.

A look towards the future suggests that the use of color-coded displays will increase rather than diminish.
New display techniques coming iInto use, particularly electroluminescent lighting and heads~up displays,
gain much of thelr vaiue from color coding.

If color vision selection standards were reduced or eliminated, this would add only about 5% to the
available population of air crew candidates. But such an action would deny to the cther 35% a unique and
unequaled channel for display of flight information.
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Code

Color
Lights

Surfaces

Shapes
Nuncrals §
Letters

Geonotric

Pictorial

Magnitude
Area

Length
Brightness

Visual Nuaber

Frequency

Stereo-Depth

Inc)ination

Compound t.odes

*

Table 1. Compariscn of Coding Metheds, From Grether and Baker (1)

Nuaber of Code Steps*

Maxizus R d Evzluation
1 §] 3 Good
50 9 Good

-Unlinited-
15 5 Fair
30 10 Good
6 3 Fair
6 3 Fair
4 2 Poor
6 4 Fair
4 2 Poor
4 2 Poor
24 12 Good

-Unlimited- Good

Lecation time short. Little space required.
Gocd for qualitative coding, Larger alpha-
bets czn be achieved by coabining ssturaticn
acd brightness with the colecr code. Azblent
11luaination not critical factor.

Saze as above except asbient Jllumination
pust be controlled. Has broal applicatien.

Location time longer than for color or pic-
torial shapes. Requires gcod resolution.
Useful for quantitative and qualitative cod-
ing. Certain symbols easily confused.

Memory required to decode. Requires good
resolution,

Allows direct association for decoding. Re-
quires good resolution. Good for qualitative
coding only.

Requires large symbol space. Location time
good.

Interferes with other signals. Azbient il~
lunination nust be controlled.

Requires large symbol space. Good for limited
applications.

Requires large symbol spsce. Limited appli-
catien,

Distracting. Har merit when attentfon is
dexanded.

Linits population of users. Highly limfted
application difficult to instrument.

Good for limited anplication. Recomnmended
for quantitative code only.

Provides for large alphabets for complex
inforustion. Allowe compounding of quali-
tative and quantitative codes.

The maximux number assuzes a high training and use level of the code. Also a 5% error in decoding must
ded nucber operational conditions and a need for high accuracy.

be expected. The r
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DISCUSSION

TREDICI I agree with all those points since I made many of them earlier bui
I wonder if there are data to show how colour vision defectives
operate at close ranges, for example when using equipment. This is
a matter of feet (2 or 3 ft) versus what we have been talking about
today which is nearer infinity. At close ranges they can control
that environment in terms of saturation, brightness, etc. Do you
know of anyone who has tried some defectives in this environment?

GRETHER No, I do not recall any actual experiments on this. However, I was
21so referring to lights on the ground and on other aircraft which
can be at quite a distance and which could be very small point
sources. As it stands now the number of colours used in cockpits
is usually rather small, approximately 4, often less. I think it is
quite understandable that a deuteranomalous individual could adequate-
ly discriminate among the limited numbers of colours we use in our
present coding and could work with this code. Protanopes and deuter-
anopes, as we heard this morning, would have great difficulties even
with the limited number of colours we ncoWw use.

WHITESIDE You were talking about the relationship of the coding compared to the
use of the colour itself. But there is one circumstance in which you
would probably agree that coding could be useful. I refer to the use
of an identification beacon which could be flashing to identify it
from another of the same colour which might be steady. Specifically,
I am thinking of the possibility which had been ralsed in the Inter-
national Committee of the Red Cross that ambulance alrcraft, which are
protected by the Red Cross Convention, might exhibit a blue anti-
collision 1ight instead of the conventicnal red 1light used on other
alrcraft. It had also been suggested that the blue light be made to
occult irregularly, in groups of two for cexample, instead of flashing
regularly. This would also help to identify the light at distances at
which blue cannot be identified.

GRETHER That kind of a code is, I am sure, much more difficult for a person
to use than just a plain colour, particularly when you have a regular
flashing or defined flashing patterns or an irregular pattern of flash
to identify it as one of several. This would be very difficult and it
would take time to observe the flashes and work out the significance
of the code.

VoS I would like to point out that some of the speakers appear to me to
strongly disagree, Some say do not use colours, the others say use
more colour,

GRETHER Colour has real advantages and can do things in coding that you cannot
do nearly so well in any other way. Therefore we need to preserve the
colour vision capability of our aircrew so that we can use most
efficiently this means of transmitting information to them.

HEYNEMANN A propos des exigences concernant la vision des cculeurs des pilotes
des aéronefs futurs il me semble qu'il faut poser deux problémes bien
distincts:

1) La perception des signaux lumineux colorés.,

Avec 1l'augmentation croissante de la vitesse des aéronefs, la
tendance est de demander une portée toujours plus grande pour

les feux de signalisation en vol; la tendance est donc de remplacer
les signaux colorés par des signaux blancs, les filtres colorés
quels qu'ils soient absorbant une quantité importante du flux
lumineux de la source. A condition que les feux de signalisation
trés intenses soient montés sur les adronefs 3 des emplacements
choisis convenablement pour que le pilote ne soit pas géné par
ses propres feux. Ces feux deviendront blancs dans un avenir
trés proche. Il n'est donc plus question de code de couleurs
pour ce genre de feux. Toutefois aux alentours des aérodromes

et dans les zones de grand trafic aérien est-il pensable de
supprimer le code de couleur des feux de navigation?

2) La perception des information colorées fournies au pilote par
des instruments de bord.

Au cours de vols de jour 3 grande altitude, le niveau de
luminance trés élevé dans le poste de pilotage ne permet plus au
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pilote de lire les informations colorées autolumireuses fournies
par ses instruments de bord, en particuller les informations

fournies par les écrans de Radar, des collimateurs de pilotage
etc.

Comment ce probléme peut-il &tre résolu? En augmentant la
luminance des informations? En obscurcissant la cabine?

Les Etats-Unis ont certainement trouvé une solution 3 ce
probléme au cours des nombreux vols dans l'espace qu'ils ont

effectués au cours de ces derniéres années, Ont-ils conservé le
code de couleurs?

Although colour filters do reduce the light intensity, and thus the
possible viewing distance, this effect is not very great for broad-
band red and green filters. Blue filters, on the other hand, cause
a considerable loss in intensity and viewing distance.

With regard to cockpit lighting, many aircraft, including those of
the USAF, use white instrument lighting, and there is apparently no
difficulty in providing enough luminance for even the high altitude
case. I am not familiar with the lighting in the Apollo space craft,

but I am confident that adequate 1ighting of the instruments was
provided.
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GENERAL DISCUSSION

I would like to ask participants to give some thought to the
problems of a screening test as well as a definltive test for
colour vision, and to see if inere is any possibilitvy of an
agreement on standardisaticn.

I am not involved with the wilitary aspects of colour vision but I
feel you might be interested in some of the experiences we have had
in the Federal Aviation Administration. We require a 3rd class or
private pilot to be able to recognize aviation red, green, and white.
Our airline pilots have to have normal colour vision. We do have a
censiderable number of airlire pilots flying with defective colour
vision under the walver clause and it is interesting that most of
these are former military pilots. We allow examiners to use any cne
of the number of tests available, except the yarn test, but some of
our older examiners still use the yarn test because they do not wish
to buy the plates. We have 750,000 pilots and about 60,000 student
pilots a year., We do not see nearly the number of colour defectives
which we would expect to see if we apply the figure of 8%. If
candidates fail the plate test we authorize a Farnsworth Lantern test,
if one is available; if the lantern is not available or if they fail
it, we given them a flight test or a practical test. For private
pllots we merely take them to the end of the runway and the tower
controller flashes the signal lantern. If they successfully identify
the red, green and white we give them a waiver. 1If they fail in one
or all the tests we stlll in effect give them a waiver since we then
put on their certificate that it is not valid for night flying or
colour signal control., We know that there is no way of enforcing
this limitation and in any case we now have no airport controlled by
colour signal lights. I also cannot recall anycne who could not fly
a VASI approach even though he had defective colour vision. We have
looked at our accldent records for the last 5 years and can find no
accidents directly attributable to defective colour vision. We are
rapidly coming around to the point of view that colour vision should
not be the subject of a ciinical medical test but instead should be
an operational test.

I would like to make a comment that does not deal with colour vision
but with the conspicuity of anti collision lights at long distances.
Research work which we carried out recently with high intensity xenon
flash lamps indicates that on helicopters and aircraft flying at low
altitudes a certain limit of brightness cannot be exceeded because the
tremendous back scatter which you get from the atmosphere, moisture,
and dust etc. at these lower levels wipes out the entire scene in
front of the ccckpit. This limitation exists and is a problem.

A cet égard, je pense qu'il serait intéressant, pour mieux apprécier
les diverses modalités d'examen du sens chromatique qui nous ont été
proposées, de confronter nos procédés au cours d'une prochaine réunion
du Comité de vision de 1'AGARD.

On pourrait alors réunir 10 sujets atteints de dyschromatopsie
(examinds par les techniques les plus classiques) et les soumettre:

1) au test d'Ishihara et de Hardy-Rand-Rittler
2) aux difrérentes lanternes (Farnsworth, Beyne etc.)

Nous pourrions ainsi dtune manildre précise étudier la valeur
relative des différents procédés et juger ceux qui nous paraissent les
plus efficaces.

I agree that the thing to do is to screen people with the Ishihara
plates and then test them with the lantern., Obviously there are
different lanterns, opinions of them vary, and some people are
chauvinistic about their own lanterns. A study of the different
testing methods will be very interesting particularly if, as I
mentioned in my presentation, we simulate in the point source form
those signal lights which are likely to be seen.

I would like to point out that we have effectively already started
on such a study since we have found deuteranopes who have already
been subjected to a real life world of flying 3,000, 4,000 or 5,000
hours. Wwe could bring them back and put them through the more
artificial tests of determining their performance on the lantern and
so add more people to the study. I agree with what has been said
about initial screening, except that I disagree with the use of H-R-R
plates. e have given them up and now use only the Ishihara because
we found that the H-R-R plates would only screen out 75% of the
abnormals. Thus anyone who passea the Ishihara plates could be
conslidered normal, or at least 98% «f them, and you would have no
trouble with the 2%. Wwhat can we do with the others? We are using




e

CULVER

TAYLOR

the CTT and because of my loyalty I will continue with it, but I
would not object to the Farnsworth Lantern because the United States
Navy have about 15 years of experience with the Farnsworth Lantern.

I would like to see if something can be done about either a retrospec-
tive study or an exchange of experiences. I think we will probably
have to offer a compromise rather like the one I mentioned this
morning, which is based on my clinical experience and what comes
across my desk from TAC fighter, MAC etc. I think we should seek
physiological perfection and cease arguing about how mild a defect
can be accepted in our fighter pllots. This is difficult to do
because one getg involved with personnel selection and the computers
and the "™’ * mnt from information that is fed back to me these
indiv3i~ 415 ., .ow . " -ything they can get in the physliological realm
which includes visual acuity, colour vision and all the other
attributes. However, others who are flying MAC alrcraft, transports,
and similar aircraft could very easlly be placed in a second category
and thus we could still keep a large supply of pilots although without
being able to put them into the fighter category. This might cause
problems even amongst the pilots, but it 1s one of the ways X can see
out of this dilemna.

I have had only two experiences to match Dr. Perdriel. One of them

was the only pilot candidate I know who came and turned himself in for
colour vislon defect. He had passed his medical examination, he just
slipped through, and had 60 houxs flying. He did very well during the
day, but when he commenced night flying he just could not see lights.
He could not tell red from green and he could not fly formation. We
examined him and he was a protanope so we grounded him. My only other
experience was with one of the members of my staff who 1s a deuteranope.
He said that he had no problems in driving his car, seeing the red
light at SO feet, or the tail 1lights of other vehicles, but when it
began to rain and the w!.idshield became desaturated and the other cues
dropped down and the lights were at long distances he sald he was lost;
he really could not identify lights. We put him in an airplane
together with another deuteranope and two normal observers. We went
out three miles, the check was a "quick and dirty" type of experiment,
and at 3 miles he and the other defective missed all the lights from
the tower. At 2 miles they again missed all the lights from the tower.
They did not begin to pick them up until they got within one mile range.
So, for what it is worth, that has been my own experience.

Is there anyone in the audience who would advocate removing any
standards for colour vision?

I have a few comments which go across the board. I will touch on
every paper which I heard today. I would like to take these in a
retrograde fashion and speak first on the subject of testing. It is

a bad situation and we have had ample evidence that the testing devices
which are currently in use are far from ideal. We have talked about
competition between Ishihara plates, Hardy-Rand-Rittler plates, AOC
plates and the Dvorine plates. I am not an expert in colour vision,
but I have listened to the talks today and I know encugh to know that
it does not stop here, just talking about plates. 1In the first place
it matters a great deal whai edition of the Ishihara plates is in use.
There is one good edition and the rest are substandard or not as good,
It matters how they are stored, are they allowed to become faded, how
much are they handled by the administrators of the test who may or may
not be sensitive to the fact that these pig~ant plates are extremely
delicate, extremely carefully balanced, and should not really be
coverad with thumb prints. It matters also that the test 1s performed
with the correct illumination and not done by an open window with sun«
light coming in, or in reflected sunlight from a brick wall; I have
actually seen this done., With regard to the other tests I am horrified
to say that a man came to me a few weeks ago who was not accepted for
flight training in the Navy and when I asked him what test was admini.
stered he said the "Holmgren Wools"; so those are not dead but they
will die, I hope. Colour vision testing is extremely critical and it
is a very difficult and expensive problem to get everyone to one of the
major centres. X feel that selection is very rarely done adequately at
the source, that is in the various induction centres and recruitment
centres around the United States. The question is what do we really
want to test and hov do we want to do it. I believe we want something
which is expeditious and is likely to take 5 rather than 50 minutes.
This probably eliminates some of the more sophisticated laboratory
tests such as the Farnsworth Munsell 100 Hue, and certainly it
eliminates the Jright Trichromatic Colormeter and very careful work
with the anomaloscope which can really be more gualitative if it is
carefully calibrated. For a quick test the plates are rapid, the
lantern is superrapid. The lantern has, perhaps, a little more face
validity in terms of operational tasks and tnis I think is what this
meeting is all about. Surface colour tests or chips and plates also
have their place. There is a test being developed by the United States
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Navy which could be administered in 5 minutes. There have been
constant references to the need for rapid testing without experi-
mental error either on the part of the observer's responses or of

the administrator of the test. The test to which I refer uses the
electroretinal potentials and the electrooculicgram. One simply

puts 2 or 4 electrodes on the observer, puts him in a chair, shows
him colours or forms, and you can then test things such as acuity,
target motion and a variety of other visual functions simply by
reading a polygraph. This is a neat method and its development is
progressing. Another point is, are we really testing the appropriate
things? Dr. Perdriel has brought up the fact that under stress, in
this case auditory stress of 110 dB, there appears to be a decrement
in visual functionj but what was that decrement? If I remember
correctly the decrement was in the visual fields but we are not
testing the fields. Nothing was mentioned concerning the testing

of peripheral colour vision and the angular extent of colour discrimi-
nation in the periphery. Intense nolse has the effect of giving
tunnel vision for colours and this aspect should be tested somehow.

I think an important point to remember is that when we say we have no
aircraft accidents, or really serious problems ascribable to colour
defects, we lack definite proof. The accidents which we investigate
where the man's colour vision was normal as tested tell us rothing;
we cannot say anything about the restriction of fields. I submit
that perhaps we are not testing the right things, and the things we
are testing may or may not be done at present by appropriate tests.

The granting ¢f a number of waivers was referred to in the paper by
Doctor Appleton. Where did the failures come from? Why were they
not detected originally, or have they developed since the original
examination? This appears time and time again and people are flying
around with subnormal colour vision. Wwhat should we do?

These people simply slipped through the net. They got on to flying
status without having been detected, and they passed 1, 2 or 3 flight
physicals because of inaccurate application of physical standards.
Finally they are detected after they have been flying for 1,000, 2,000,
3,000 or 4,000 hours. At that stage they represent a significant
investment on the part of their employer and that is why we go to so
much trouble to assess them in the air. Now, the implicit comment 1is
that these people should not have got through in the first place and
I agree. But the fact is that they did and I suppose they will
continue to do so in the future, because of the human error in the
application of physical standards which has been with us since

physical standard - ‘nvented.

I think this is a own problem. There is, perhaps, a lack of
adequate supervis training of the aeromedical technicians who
administer the Isi plates. These plates seem to be the type
most universally us id common faults include a failure to present
them under the Maclk the UK type of lighting, or a proper north

light, and instead accepting inferior lighting or even light reflected
from an outside brick wall. This is probably the reason that some
people slipped through, or they may have had a very sympathetic
technician that let them pass. That has been my experience.

Obviously then, these people have adequately passed through the

flying training and they have performed their task apparently without
any difficulties. This is one of the points which has recurred
throughout these presentations. No one has been able to show that
speclflc failures have been associated with deficiences in colour
vision; of course this may be difficult to determine in fatal
accidents. The restricted fields assoclated with the noise factor
have been mentiocned but here we are dealing with combined stresses
which 1s another, separate, topic. I think that at this stage w~e
should limit ourselves to the very simple question of what type of
test do we standardize on and what level of standardization should we
seek? Another question stems from the granting by the FAA of walvegs
according to a pilotts experience and his type of flying. Thus the
FAA specifies that such a pilot cannot fly a specific type of aircraft
or fly under a specific set of meteorological conditions. Is thls not
part of the answer to using a wider spectrum of reople who have colour
anomalies but who, nevertheless, have experience; why reject them
when they are doing the job? why do we not broaden the standards :if
we have difficulty in getting aircrew candidates and say this pilot
can fly in a specified role? This is similar to our approach to
other medical standards.

I think that several speakers have alluded to this point and agree
with you in principle. However, another good polnt which was railsed
earlier was the fact that sometimes in military flyino you are in a
difficult environment in which precision is a vital factor «nd at the
same time there is a degradation of colours because of fog, smoke, a
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multiplicity of tasks to be carried out and high noise levels. All
this has to be taken into consideration and it becomes almost a
philosophical question to set down physical standards. Much depends
on how badly we need aircrew.

As I sald before, our problem would diminish by about 90% if we

could select certain candidates for certain capabilities that they
have. I have had recent interviews with our fighter people and they
are adamant that they want to see both form objects and colour objects.

I would also like to point out that many of the pilots dealt with by
the FAA are flying the type of aircraft which fly fairly low and
fairly slow and are not as manoeuvrable as military aircraft, This
is obviously not true of the commercial pilots; usually they have the
advantage of having other crew with them and this is an added safety
factor that the military pilot does not always enjoy.

It is my impression that nearly all the delegates here have agreed
that colour defectives can fly safely, that is those who pass lantern
testing or a test of that type.

I would not say that they can all fly safely under all circumstances.
I think that under certain circumstances they can fly safely, but
there are limits.

I refer to colour defective "safe'" who can see, recognize a red signal,
white signal and a green signal under decreased luminosity conditions.

Yes, if they could pass the lantern test they are acceptable.

I asked earlier if there was anyone who wanted to abolish colour
vision standards and I did not get any response. I think we are agreed
that we do want colour vision standards. We are also agreed that we
would accept a candidate for flying if he passed one of the lantern
tests.

Une dernilre question qui est donc pratique et qui rejoint un peu la
préoccupation de Monsieur Whiteside. On nous a dit tout 3 1theure
effectivement que les différents tests 3 1'aptitude que nous avons
passés permettent de catégoriser trés en gros ceux qui ont une
excellente vision des couleurs et ceux qui ont une vision des couleurs
compatible avec la sécurité aérienne. Le probléme est de pouvoir
orienter justement ces éldves-pilotes ou ces éléves~navigateurs et
méme ces éldves-mécaniciens vers des spécialités. Lz question que je
pose est celle-ci: Est-ce~que dans les différents pays les profils
dtaptitude, en ce qui concerne le sens chromatique, qui sont
nécessaires 3 telle spécialité pilote, navigateur, mécanicien sont
établis directement par le commandement ou bien en accord avec un
expert ophtalmologiste intéressé par le systdme des couleurs? Car je
pense que la symbiose de travail entre les opérationnels, les
navigants et, dfautre part, ltexpert chargé du sens chromatique
pourrait é&tre beaucoup plus fructueuse que si la décision était prise
unilatéralement. C'est ainsi par exemple que nous sommes tous
dtaccord, comme j'ai entendu avec plaisir Monsieur Tredici le men~
tionner, sur le fait que les éléves-pilotes doivent avoir un standard
chromatique excellent. Eh bien, est-ce-que ce standard dfaptitude
chromatique est défini, je le répédte, par le commandement ou bien
est-ce-que les médecins dans les différents pays ont un mot 3 dire.

I will try to answer that as best I can, at least for the United States.
The stendards are established by headquacters, supposedly with an

input from the ophthalmologists. However, there are certain circum-
stances in which the advice of the ophthalmologists may not always be
accepted and the headquarters may make the decision. This may not be
true in other countries and I am only speaking for the United States.

I always had the impression that visual standards resemble the grid of
the electronic valve. The manning requirements alter the potential of
the source to allow more candidates through according to the level of
the requirements. For example, in wartime you lower the standards 1f
you cannot get the candidates.

I would like to clarify one further point. Acquired colour defects
are really not a problemat all. You noted in my presentation that out
of 4500 individuals only 5 had an acquired defect and in each case in
one eye only. They had central serous retinopathy and this is a
macular problem. Usually they have more severe symptoms than the
effects on their colour vision. We discovered the colour vision
disturbance because we were running a battery of scientific tests.

It is usually the visual acuity which is reduced, and along with that
they cannot recognize colour, most frequently blue. So this is not

2 problem at all in flying personnel. We only need to have colour
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vision tested once on the original entrance, since it normally
never changes again. Many of the individuals who were in my study
4 did not have numerous examinations and all the colour defects found
had either never been found by other examiners or they were allowed
to slip through.

CULVER It is particularly true that uner wartime conditions, when you are
pushing great numbers through, they will be tested only once, but
defects may show up later under a subsequent examination for another
purpose., We are all agreed that we would not want to abandon

completely the testing of colour vision, but there is definitely a
# need for a good screening test, such as the Ishihara, with the backup
of a good lantern such as the Farnsworth, the CTT, or one of the new
lanterns under development. These are matters we must look ipto in
y the future.




